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PREFACE. 



Tub present volame and Vol. VII, were put in liaud together, but 
as the latter volume was entirely devoted to Permanent Fortifica- 
tion, and as it was most desirable that no further time than was 
absolutely necessary should bo allowed to elapse in bringing it out, 
precedence was given to it and Vol. VIII. somewhat delayed in 
consequence. It may be some compensation, however, for the 
delay that Officers receive for last year two volumes instead of one, 
while those pa pel's in the present volume which were likely to be of 
immediate practical use were printed separately in pamphlet form 
and issued to Officers who wished for them. 

While, we believe, all the papers in the present volume will be 
found to be valuable contributions to our knowledge, there is one 
on "Railways for Military Communications in the Field," by 
Colonel J. P. Maquay, R.E., which, at the present time, when rail- 
way work in the field has been brought into such prominence, is of 
peculiar interest. The present paper has been entirely recast and 
revised from a report that he made in 1881 to the Inspector 
General of Fortifications, who submitted it to the Secretary of State 
for War and to H.R.H. the Field Marshal Ccmmanding-in-Chief* 



l^hat there will be some who will differ from Colonel Maqnay*8 
oonolnsions we do Dot doubt, and we tnut that his paper will lead 
to other contributions, so that the subject may be thoroughly inves- 
tigated in the B.E. Professional Papers. 

BOBT. H. VETCH, Major, B.E., 

Secretary, B.E. Institute, and Editor, 
l>0e«mb«r, 1882. 
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PAPER I. 



PROVISIONAL FORTIFICATION. 

♦ (2nrf Pinter.) 

Bt Captain O. S. GLARn, B.E. 
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Is a previous paper* it was sought to direct attention to a branch of 
fortification, which is at present receiving considerable development 
at the hands of continental Military Engineers, has won enhanced 
importance from the experiences of the Russo- Turkish War, and 
whicli appears in some respects particularly adapted to our own 
defensive requirements. . 

The term ' provisional ' was deliberately chosen, in preference to 
its competitors ' position ' and * semi-permanent,' to distinguish the 
branch in question. The first of the two latter terms was rejected 
as being insufi&ciently comprehensive, and rather referring to a 
special use than affording a true technical distinction. The second 
appeared inadmissible as being somewhat unmeaning. * Permanent ' 
being assumed to mean work the destruction of which by natural 
agencies is not taken into consideration, ' ^emi-permanent ' would 
seem to possess no very clearly defined significance. On the other 
hand, * provisional,' which denotes work as efficient and highly 
finished as time allows, but capable of improvement and develop- 
ment to any extent compatible with contemporary possibilities, 
appears to be just the word to express the subject of this and the 
previous paper. 

While the ordinary fortification of the field of battle might almost 
be evolved on the spot from first principles, it is evident that on the 
design of a provisional work much labour and thought would have 
to be bestowed. An ideal provisional fort must in fact be fully 
thought out at leisure, and it seems of great importance that we 

* P^MT ZnL, Volmne m. (page 263), Fntftitional Papen qf the Corpa qf Bogal Enginnn, 
E.B. TnHttwf Oooarioml Fapcn. 



sbonid possess some really good standard designs, with complete 
estimates of time, labour, and material. Colonel Scliaw, B.E., in a 
lecture delivered at Chatham on the 6th September, 1876, states 
" the question of a really efficient field redoubt, is one which may 
well engage the attention of the Corps, at present we haye no 
good type '* and though the typical examples giyen in Part I. of 
Instruction in Military Engineering meet the ordinary requirements of 
the field, there has, it is belieyed, been no attempt to give us a well 
considered and fully worked out design for a provisional work of a 
much higher class. Such a work, requiring perhaps i4e its execu- 
tion more than as many weeks as the field redoubt would need days, 
may, nevertheless, come into play in the wars of the future, and may 
even in some cases supersede permanent fortification. 

Broadly speaking, provisional works may be divided into two 
classes according to the conditions under which they may be ex- 
pected to be employed. 

1st. Works constructed after the beg^ning of a campaign on 
sites not previously strategically considered, or which have become 
important in consequence of strategic developments not anticipated. 
In such cases neither the topographical nor geological conditions 
might be fully known and, which is also, of much importance, the 
extent of the resources of the neighbourhood in labour and material 
might be more or less undetermined. 

2nd. Works constructed at the declaration of war, or its approach, 
for a well defined and previously considered object, on sites per- 
fectly well known, and under conditions accurately ascertained 
beforehand. 

As an instance of works of the first class, Plevna may be cited ; 
as instances of the second, Adrianople and Tschataldscha ; as an in- 
stance of the possible demand for the second class, London. 

The former class would usually have to be carried out by Military 
Engineers capable of adapting standard designs to varying con- 
ditions and fall of resource, so as to be able io make the best use of 
the time available, and the material and labour forthcoming. On 
the other hand, works of the latter clabs could be designed in the 
fullest sense during the calm of peace. Their requirements in 
labour and material would be exactly known. The resources of the 
neighbourhood would have been accurately gauged, and the how 
and the whence to supply deficiences would have been considered. 
Moreover, if a properly elaborated design existed, the execution 
might safely be left to civil labour under civil supervision. 

In the defence of England, both classes of fortification would pro. 



bftblj oome into plaj. Certain strategic, commercial, or mannfko- 
^fomg centres wonld appear to need protection under any circum- 
Btaooes, others wonld call for fortification as soon as the landing 
plaoe of the invader, or his subsequent plan of operations, had 
declared itself. 

A method of fortification, in which forethought and brain power 

applied in adTsnce may save enormous and possibly useless, because 

Q^irected, expenditure, appears to be worth very careful study. 

^^ there are circumstances which make provisional fortification 

particularly applicable to our own country. The sea secures us 

time and a fair warning. Our resources in labour and the very 

^''dioary materials required are practically unlimited. Our g^reat 

^ilway system facilitates the rapid concentration at any spot of 

l&bonr and material. Moreover, England possesses in her Oivil 

^^^eers a very powerful force, which could at a time of need be 

applied to the defence of the country. There is a very considerable 

'^y of young and able Eng^ineers who, if provided with proper 

^^^igns, are perfectly well able to carry out all the work necessary 

^^ fortify a position, and who have great experience in dealing with, 

^d organising civil labour on a large scale. In any time of real 

I^^Cessity the peraonnel of the Corps would have demands made upon 

^^ ^hich its strength could scarcely meet, and it is no small advan- 

^^^ to have this very real ' reserve force * to fall back upon. The 

^tkie may be said of many of our colonies, and it remains for us to 

F^^epare in peace time a complete system of provisional defence, and 

r^ modifying it from time to time to keep it abreast of the advancing 

P^Wer of the attack. A paper army is rightly held up to contempt 

^ a species of deception, which no great nation, jealous of the 

^^nagement of its affairs, should tolerate ; but a paper system of 

'oiidfication may, it is contended, form a very real defence. Only 

^^ paper system must be thorough, and the brain power applied 

^ it unstinted. 

^ -A. very little reflection serves to shew that the design of a pro- 

^ional work is a task of considerably greater difficulty than that of 

* field redoubt. The restriction to two or three days, or less, in the 

^^^^« of the latter, introduces a very sharp limitation to the possi- 

^'^ties of design. Extend the time to three or four weeks, or 

®^^n longer, postulate an ample supply of timber, of railway bars, 

*^d even perhaps of bricks and cement, and it will be evident 

^^t these possibilities have enormously widened, and that very 

<^^)<ii8iderable variations of trace, profile, and general arrangement 

^H present themselves for consideration. It is even contended 



that the design of a good provisional work is more diffionlt than 
that of an analagons permanent structure, and that it a£Fords more 
scope for clever and resourceful engineering. Granting the impor- 
tance of the whole question of provisional defence, it becomes 
desirable to consider carefully what has been already either pro- 
posed, or actually carried out, in other countries, and it is believed 
that from the designs now selected for description some valuable 
suggestions may be gleaned. 

In the previous paper a provisional fort for Infantry defence, de- 
signed by Captain von Wittenburg of the Prussian Engineers was 
described. Plates I. and II., accompanying the present paper, g^ve 
the plan and sections of a work for Infantry and Artillery designed 
by the same OflBcer. This work is unprovided with caponiers, but 
the ditches are all more or less defended ; that of the right flank by 
fire from the parapet ; that of the left flank by fire from an exterior 
trench ; those of the gorge by fire from the gorge parapet which is 
broken outwards to form a species of tambour, as shewn on plan. 
The fianking of the ditches of the front faces is secured by a special 
arrangement. The salient is flattened ofi^, its crest having a com- 
mand of 14' 9^ and in front of the main parapet a second line of fire 
is obtained over a crest whose command is 5' 6". The trace of this 
lower parapet is of the form of a bastioned front reversed, and it 
provides a fire line of about 160' 0" run — say 53 rifles. The ditches 
of the front faces are swept by the fire from the flanks of this lower 
line of parapet, and the front line of the latter brings a fire to bear 
on the glads-like escarp (section on AB, Plate II.), and the ground 
beyond. The defenders of this species of outwork are protected 
from enfilade fire on the front face and reverse fire on the flanks by 
a long traverse carried on the line of the capital nearly the whole 
depth of the work, and a£fbrding a covered communication, or pos- 
tern, from the casemates under the two large interior traverses. 
(See sections on AB and C D, Plaie II.). 

A ditch of the usual form is not provided round the outwork at 
the salient, nor on the right flank. In these .cases the escarp slopes 
gently down, terminating in a steep counterscarp covering an 
abattis. The glacis-like escarp is swept by Infantry fire from the 
crest of the main parapet on the flank, (section on E F, Plate II.) , 
and at the salient by fire from the parapet of the outwork, (section 
on AB, Plate 11.). At the foot of the exterior slope of the right 
flank there is a very broad berm, and on it a second or interior line 
of abattis (section on E F, Plaie 11.). The escarp at the salient and 
on fhe left flank, together with the bottom of the gorge ditch, «re 



oovered with wire entanglement, or strewn with obstacles of the 
^isaal class. 

This form of profile, bj which the exterior line of abattis and the 

o^taclcs on the escarp are well covered, while the latter are swept 

"J fire from the work, seems good, but on the other hand the abattis 

OQ the berm is particularly exposed, and extremely liable to damage 

^m the distant Artillery fire of the attack. 

I*fae outward splay of the exterior line of the berm of the right 
fianlc (Plaie I.), whereby the line of the ditch is not parallel to that 
of the flank, appears to be designed so as to give a greater length to 
the flanked ditch of the right front face, and also to ensure the 
®®carp of the flank towards its front end being swept by fire from 
the parapet, which here has a greater command than at the rear end. 
-^ different profile (probably intended to be alternative) is given 
^ fhe ditch of the left front face and left flank, which, though not 
®teMrn in the drawing, is easily recognised from the plan. 

The principle by which a species of glacis is substitated for an 

^^ccixp, is adopted in most of Captain von Wittcnburg's designs. 

-^t Seems based on a tendency to trust at the last stage of the attack 

'^^^uly to the deadly effect of breach-loader fire over an obstacle- 

stre^D field, and less to the ditch, and particularly the escarp as a 

Physical obstacle. It appears to be assumed that an attack can 

^htis be effectually stopped. And on the whole the experiences 

^* I^levna go to prove that, even if this view is not wholly correct, 

^ "^ork of this class properly defended could only be taken at a very 

^^^vy sacrifice. The CTermans distinguish between works which 

^^^ Bturm-frei^ and those which are not, meaning by the word works 

^*^ich require special appliances — such as scaling ladders — to enable 

t'Ueir actual physical obstacles to be surmounted — works in short 

^^ich could not be carried by a rush even if there were no active 

^ience. Provisional works can rarely be made absolutely sfumufreij 

hut modem breechloaders in the hands of steady troops very largely 

^mpensate for the want of storm-freedom. 

Turning to the interior arrangements, it will be noticed that an 
Infantry banquette runs completely round the work, interrupted only 
by the eight lateral traverses. It is of great importance that, at the 
moment preparatory to the final rush, it should be possible to man 
the parapet everywhere with Infantry ; but it is by no means clear 
that, as is sometimes stated, the action of this arm would commence 
only when the Artillery was silenced. Under easily conceivable 
circumstances, long range Infantry fire, up to at least 2 500 yards, 
might be employed with effect at an earlier period. 



the standing Infantry garrison — ^200 men — would of course be 
quite insufficient to man a line of parapet of about 310 yards, but 
supposing the fort to belong to a line of defences, there would be 
towards the closing stages of the attack, a gradual drawing in of 
men from intervening shelter trenches to the closed works, which, 
independently of reinforcement from the rear, would render a dearth 
of men at the last moment unlikely to occur. 

In rear of the Infantry banquette, the gunbank also runs round 
the work except at the gorge. The space between two adjacent 
traverses is supposed to contain only one gun, except at the shoulders 
where'two might be employed, by which means the whole armament — 
12 guns — can be brought into action. In rear of the gunbank a slope 
leads down to the terreplein. This facilitates the withdrawal and 
interchange of guns according to requirement. It may be assumed 
that if the enemy had established batteries bringing an overwhelming 
converging fire upon the work, the guns of the latter would have to 
be withdrawn under cover, and only brought into action again when 
a favourable opportunity occurred. It might even be advisable in 
some cases to withdraw the guns temporarily out of the work alto- 
gether, and employ them behind epaulments in the line of adjacent 
shelter trenches. In fact a considerable amount of movement of 
guns may be expected to take place, affording scope for much skill 
and judgment in the direction of the Artillery defence. 

The construction of the shell-proof casemates under the traverses, 
and of the main postern, or covered central communication, calls for 
no special remark, but it may be noticed that brickwork is employed 
in the walls of the main magazine (section on AB, Plate Jl.)^ 
and also, apparently, in a few other cases where a traverse cut olT 
short to afford communication needs steep revetment. A more 
extended use of brickwork might in some cases be both possible 
and desirable. Since bricklayers, placed 4 feet apart, and working 
continuously, could build about 6 feet in height, of 4-brick wall, in 
24 hours, it is not unreasonable to expect in provisional works the 
employment of bricks for many purposes. It may, in fact, be laid 
down as a general rule that, if by the use of brickwork for any 
purpose the progress of the earth-movement is not delayed, bricks 
wbenever available should unhesitatingly be employed. 

The work is unprovided with a covered way, which, if practicable, 
should always be constructed, but the value of such a covered way 
will depend on whether it can give a real second line of fire — -a line 
of fire, simultaneous, at moderate ranges, with that from the work 
itself. Whether this can be secured will usually depend on the lie 
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of the gpronnd, sinoe the command which can be given to the orest 
of the parapet of a provisional work will rarely be great. 

In PlcUes III. and IV., the plan and section of a fort (B) designed 
for a similar garrison and armament are given. In this work the 
ditches are all anflanked (by the work itself at least) except that at 
the gorge which is defended as in fort A, Plate I. 

The gnnbank is intermpted at the shoulders, which are prepared 
only for Infantry defence. There are a few other points of difference 
apparent from the drawing. For the front faces and flanks alter- 
native sections (A B and C D, Plate TV.) are proposed, of which the 
latter would seem preferable, since it not only presents no exposed 
abaitisy bnt provides a covered way with a line of fire. 

Captain von Wittenberg estimates the time required for these 
works at about six weeks, employing an average working party of 
500 'day labourers,* and 100 carpenters. Night work does not 
seem to be taken into consideration and the work might probably 
be carried out in little more than four weeks by continnous labour. 

It 18 proposed now to tarn to some examples of design actually 
carried into practice during the course of the Busso- Turkish war. 
The credit of the works surrounding Adrianople, and those forming 
the lines of Tschataldscha, is very prenerally ascribed to Bluhm 
Pasha, a Turkish Engineer officer of Prassian extraction, but he was 
probably not without very able assistance. 

These works would fall into the second category. It was sufficiently 
clear that Constantinople would need land defence and strategic 
and geographictd conditions alike indicated Adrianople and the 
Tschataldscha position — the former as what may be termed a 
strategic advanced work, the latter as a main line of defence. The 
precise time of commencement of the work cannot be stated, but the 
latter probably received its first real impetus at the time of Gourko's 
crossing the Balkans and subsequent exploration of the Tundscha 
Valley. The first appearance of the Bussians across the Balkans 
took place on the 14th July, 1877, and the arrival of their cavalry 
in front of Adrianople on the 20th January, 1878 ; there was, there- 
fore, a period of 27 weeks, which the Turks could devote to the 
work of fortification. 

Adrianople is situated at the confluence of the Maritza, the 
Tundscha and the Arda (or Arta) (Plate V.), three considerable 
rivers, Therailway lines from Jamboli and Philippopolis, uniting at 
Timova, pass less than three miles frpm the town and, branching 
near Dimotika, lead to Constantinople and to Dedeagatch on the 
Marmora, near the mouth of the Maritza. Roads lead North- West to 



Philippopoiis, North along the Tnndscha Valley to Jamboli, North- 
East to Burgas, East to Kirk-Kilissa, South-East to Constantinople, 
South along the Maritza Valley to Dimotika and Peridjik, and West 
along the Arda Valley. 

Thus commanding the railway and numerous roads, and placed 
nearly midway between the two seas, Adrianople is a position which, 
if fortified and strongly held, no invader advancing on Constantinople, 
and not possessing the command of the sea, could ignore. Unfor- 
tunately for the Turks, Suleiman Pasha*s force was drawn into a series 
of engagements near Philippopoiis, sa the result of which the last 
Turkish army was practically dispersed, and on the 20th January 
Stroukoff's Cavalry occupied the town, followed on the 22nd by 
Skobeleff's Infantry Division. The Turkish garrison of about 4,000 
men — 10,000 according to some accounts — retired on Constantinople 
without firing a shot. Had Suleiman, who early in January dis- 
posed of an army of 50,000 to 60,000 men with more than 100 guns, 
retired in time on Adrianople, the strength of the new works would 
probably have been thoroughly tested. 

The defences consist of a chain of redoubts, 24 in number (Plate V.), 
situated on heights surrounding the town. This chain com- 
pletely encloses the latter, its suburb Ilderim, the villages of 
Karagatch and Arnantkidy, and the Railway Station. The peri- 
meter of the whole line of defence is about 28 miles, and the 
average interval between the works about 2,200 yards. 

In Plate VI. details of two of the most considerable of the redoubts 
(Nos. 1 and 22) are given. No. 1 on a well defined hill top has a 
commanding position. It consists of an elliptical main parapet with 
an interior elliptical cavalier, but no ditch, and a large ravelin-like 
outwork. Cavalier, ravelin, and main parapet mount guns, the two 
former being designed for overbank fire : the latter has three embra- 
sures at each side. The major axis of the trace of the redoubt at the 
crest is 88 yards : the minor axis 66 yards. The parapet is 26' B" 
thick, reduced to 19' 9" at the gorge. The length of side of the 
ravelin is about 98 yards and the salient is rounded off, forming a 
gunbank raised above those of the sides. The ravelin has also 
provision for six overbank guns, protected by four lateral traverses. 
The gorge of the ravelin is nearly closed by the head of a large 
T^haped traverse, the body of which protects the sides of the 
ravelin from reverse fire. This traverse also covers a large casemate, 
the sides of which, and the steps which lead down to the floor, are 
formed in brickwork, and which is roofed over by railway sleepers 
covered by a layer of fascines, and about 16' 6 V earth. The roof is 
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^her supported by iutermediate aprights of uquared oak, eaoh 
carrying a transverse sill. Tbe redonbt itself bas fonr lateral 
^verses, two of wbicb contain casemates. A banquette for Infantry 
'ttnsroond the work and is interrupted only at the gorge, the traverses, 
^d tbe gun portions. The gorge is covered by a traverse of ellip- 
"^c trace, provided with an Infantry banquette. About 55 yards in 
'^r of the work and on the reverse slope of the bill, there is a sunken 
covered barrack, with brick end and rear walls and staircase. The 
'^f is supported as described above, and has about & 6" of earth 
^'^^ it. Most of the Adrianople works had barracks of this descrip- 
tion bailt in sheltered positions in rear, and usually linked to them 
°J covered communication. The principle of keeping the Infantry 
^fwrioons of their works well sheltered in rear and bringing them 
^P Only when actually required was largely acted upon by the Turks 
^ ^levna. 

^^'^doubtNo. 22 {PlcUe F.) also presents some distinctive features. 

^® t^race of the crest is the segment of a circle (diameter 70 yards), 

*^^ tliat of the ditch is polygonal, a very usual arrangement in the 

^o^'ks attributed to Bluhm Pasha. This work mounts 12 guns, 

'^^ through embrasures and protected by six small traverses and 

®^® large traverse. The latter and two of the former contain 

^^^tnates with brick side- walls. The parapet is 26' 3" thick except 

*^ tilie gorge, where it is 19' 9* only. The trace of the ditch is an 

'^^^^ular pentagon : at the shoulders the angles are thrown outwards, 

^ ^town in the plan. There is a glacis and covered way for 

"^^ntry fire running round the work, and the two flank faces have 

^^^cjall bonnettes (see section on C D, PlcUe VI.) which afford 

^^me protection against enfilade fire. Two steps, cut in the 

^^unterscarp, serve to give a resting place to men not actually 

^^Xanning the covered way. The gorge is covered by a semi-circular 

^^fensible traverse, with an Infantry banquette and one gunbank. 

^I^ere is a covered communication leading to a barrack in rear. 

The Adrianople trench- work, was carried out mainly by Bulgarian 

(feasants, and, at the time of their evacuation, the works are said to 

liave been nearly all completed and to have been partially con- 

liected by a line of telegraph. About 2C0 guns were mounted and 

H large stock of provisions and ammunition had been collected. In 

tacti^ features the ground resembles that of Plevna, but the soil 

is somewhat lighter. The works were far more solidly built than 

those of Plevna, and were capable of much greater individual 

defence. Supplemented as they could have been by any number 

of dependent trenches and rifle pits, the Adrianople works might 
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eanily have repelled better planned and better executed attacks tlian 
those directed ao^ainst Plevna. 

The Dfiore celebrated lines of Tscbataldscha, or Bojnk Tchekmedje, 
are abont 25 miles from Constantinople. The Peninsalar is here about 
24 miles from sea to sea, but the broad lake of Derkos on theNortli, 
and a deeply indented bay on the South, narrow this distance to 
about 12 miles. A nearly continuous ridge, about 700 feet high, 
running almost North and South spans this distance (Plate VII.), 
and the ground slopes thence gently to the West. The ridge was 
intended to be defended by 37 closed works, of which the greater 
number were finished at the time of the armistice. They were 
disiMJHod, roughly speaking, in two lines and may be classified 
according to their trace as follows — large, medium, and small, 
circular, elliptic and segmental elliptic. The ridge was almost 
without tree growth ; the ground in front afforded little cover and 
the soil was very favourable. The position was in fact admirably 
fitted for defence, but the garrison at the end of January, about 
80,000 men, was hardly sufficient. With the dispersion of Suleiman's 
army and the loss of the Schipka force, the Turkish resistance com- 
pletely collapsed, and by the terms of the armistice signed on the 
81 Ht January the Tscbataldscha lines were evacuated. 

The works were all constructed on the general principles ascribed 
to Dluhm, and are alike in their main features. Redoubt No. lY. 
(Plate YIll,) has an elliptic trace, major axis about 87 yards, minor 
axis 55. The work has six gun-banks, protected by eight lateral 
traverses. There is also one gunbank in the elliptic traverse cover- 
ing the gorge. The Infantry banquette runs round the work but is 
interrupted at the gun portions. Five of the traverses contain case- 
mates with brick side and end walls. Those used as barracks have 
a brick chimney and a ventilating shaft, as shown in the section. 
There is an unflanked polygonal ditch surrounding the work (except 
at the gorge- traverse), with a glacis and a covered way for Infantry 
fire. The terreplein of the work is drained into the ditch, and the 
latter is drained on to lower ground in front. 

Redoubt No. V. (Plate VIII.) is very similar in general features. 
The trace of the work is the segment of an ellipse, major axis at the 
crest about 65 yards, minor axis about 54 yards. The chord of the 
segment forms the gorge and is broken up, forming a bastioned front 
covered by a semi-elliptic defensible traverse. There are five lateral 
traverses protecting the gun-banks and three of them contain case- 
mates. 

At the time of the armistice almost the whole of the works in first 
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Hue were completed and armed. Nearly all the earth and hriok- 
work of these redonbts, as of those around Adrianople, was carried 
out b^ civil labour, and the execution and general finish are universally 
pronounced to have been excellent. In all, nearly 800 guns are said 
io have been either mounted or in readiness ; of these from 70 to 
80 were Elrupp siege guns of 5*91'' and 5*12^. Here also, as at 
Adrianople, the works were connected by a line of telegraph, and pro- 
visions and ammunition in large quantities had been accumulated. 
The Tschataldscha lines would have been attacked by Skobeleff 

if the armistice had not been signed. It is certain that after the 
many experiences gained at Plevna and more recently at Shenovo, 
the attack would have been well planned and probably no finer body 
of men than the seasoned Russians of that period could have been 
found to undertake it, so that as a test of the relative powers of 
attack and provisional defence the operation would have been 
almost crucial. 

Since the peace, the original works have been completed and 
new ones added. Lieut. Greene is probably not beyond the mark 
in stating of the Constantinople of to-day, " no other capital in the 
world posseses such a line of defence." Unless turned by an 
enemy possessing command of the sea, the Tschataldscha lines 
would seem to be almost impregnable. 

In PUUes IX. and X., the plan and sections of a typical provisional 

^work for the defence of a hill-top are given. This design was 

famished by Blubm Pasha to Colonel Ott of the Swiss Engineers, 

from whose report these a nd the four preceding plates have been 

taken. 

The work is in trace a circular segment (diameter about 60 
yards) and four sides of the polygonal ditch are flanked by 
caponiers (a, a, a, a,) with two tiers of fire, formed in the counter- 
scarp at its front ends. These caponiers are well placed for 
protection from distant Artillery fire, but in the event of the 
enemy gaining and maintaining possession of the ditch their defend- 
ers would be sacrificed. Accommodation is provided for eight over- 
bank guns in the work and one in the gorge traverse. The latter 
is really a segmental lunette partially enclosing a traverse contain- 
ing a shell proof casemate. A covered way affording a line of 
Infantry fire runs round the work, and the front lino is broken so 
as to form two bastioned fronts and also two places of arms at the 
sbonlders, defiladed by four traverses (c, c, c, c) containing casemates. 
Brickwork is employed in all the casemates and also in the steps 
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leading from the ditch down into the caponiers and up to the 
covered way. 

The total length of the line of fire is about 650 yards run, and to 
man it, therefore, at least an equal namber of men would be needed. 
Casemate cover for 200 men is provided, and magazine accommo- 
dation to the extent of about 645 square feet. 

The most salient features of the works attributed to Bluhm are 
thus : — 

1. The curved trace of the crest of the main work. 

2. The polygonal trace of the ditch ; the latter usually un- 
flanked. 

3. The combination of Artillery and Infantry fire from the work 
itself ; the employment of the latter only from the covered way. 

4. The curved defensible traverse to cover the gorge ; the large 
lateral traverses containing casemates for men and magazines. 

5. The employment of brickwork as much as possible for the 
walls of the casemates and for stepped approaches.. 

The works appear to have several merits. The circular, or 
elliptic trace cannot well be enfiladed : it affords a maximum of 
interior space with a minimum of parapet : there are no undefended 
angles. The old objection to circular redoubts — that they tend 
to too great a dispersion of fire — has now less weight, since a smaller 
number of breachloaders is as effective as a comparatively large 
number of the old rifles. Nor has the other objection — that the 
circular trace is suited only to direct defence, and that works so 
designed have no self -flanking power — quite its old force, since the 
increased range of Artillery enables works belonging to a line to 
afford each other more effective mutual flank defence than formerly. 
Moreover redoubts would frequently be flanked by detached batteries 
in rear of the general line of their positions. 

On the other hand, it may perhaps be said that the works above 
described provide insufficient cover for their garrisons, that the broad 
berm at the angles of the ditch affords a good resting place for an 
assaulting party to accumulate prior to the final rash for the 
parapet, and that there is on the whole too little storm-freedom. 
The latter objection may however be partially met by a liberal 
use of obstacles. It will be noticed that none of the works above 
described have any reduits, since the cavalier in redoubt No. 1 
(Vlfite VI.) can hardly be so regarded. 

In conclusion, and in connection with the question of the im- 
portance of providing good type drawings, it is suggested that there 
is a want (easily supplied) of a somewhat different field Aide 
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Mimoire from those at present existing. Few can secarelj commit 
to memory a mass of dimensions, althongh broad principles once 
mastered are rarely lost. What is needed is, it seems, a book of 
type drawings only, letter press to be omitted and all necessary 
notes written on the drawings themselves. The latter should be 
printed on waterproof calico, and with a limp waterproof cover 
shonld form a small roll easily carried in the pocket and available 
for reference an the ground in any weather. The drawings shonld 
be perfect in exeontion and in convenience for purposes of reference. 
In the selection of subjects, care should be taken to include nothing 
superfluous. Thus, while a text book should include everything 
needful and should presuppose no knowledge, the field Aide Memoire 
should assume a previous engineering education. Such a matter 
as the preparation of a hedge, or wall, for defence might therefore 
safely be omitted. It could not be necessary to give to a trained 
Engineer a picture of a banquette on planks and casks, since to 
suppose that, casks and planks being at hand, it would not occur to 
him to use them, is surely to condemn him as destitute of elementary 
engineering resource. The same might be said of a considerable 
number of other matters which find their proper place in a text 
book. Ou the lines above indicated an eminently bandy and 
portable book, embodying typical profiles, traces and general details 
of field, siege, and provisional works might be compiled which 
would, it is believed, prove a real boon in the field. 

G. S. C. 
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Ebsobs in length have been discovered in the graduated arcs 
supplied for heavy gnus. If the centre of gnn pivot be also the 
centre of a graduated arc of erroneous length, the angles through 
which the gun passes will dilPer from the angles given on the arc : 
thus, if it were desired to traverse the gun through an angle, A, 
and accordingly the gun were traversed until the pointer reached 
A, then since the arc length is erroneous, the gan will not really 
have been traversed through the angle A, and conversely if the 
gun be actually traversed through A, the pointer will not indicate 
A, but a greater or less angle. 

Let P {Plate I., Fig, 1), be the gun pivot. A" D'' the graduated 
arc with centre P. Let Z A*^ F J)'' = ; 6 is the greatest angle 
the arc ought to read. This, however, is not always the case, as the 
arcs sometimes read greater angles, and may also read less. Let 
D'^ P A be the greatest reading of the arc, = a, suppose. Produce 
D'P to O. Make 0*^0 A = 0. Draw A" A parallel to D'O. 
With radius O A = P A" = r, describe the arc A D. Then the 
arcs AD, A'^D'' are precisely similar, since each has the same 
radius, and subtends an angle 0, In this position of the arc errors 
in length almost disappear, but it can be shown that they are not 
wholly compensated. 

Manifestly there is no error at D or A, for at these points the 
arc reads 0, a, and the angles of traverse are 0, D P A, that is 0, a. 
Let P G bisect the angle D P A ; then if all error has disappeared 
throughout the arc, D C would be equal to C A. Join A D, A C, 
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C D, C O. Suppose C A equal to C D ; then in the triangles C P A, 
C P D, since the sides A C, C P are equal to the sides D C, C P, and 
the angle C P A is by construction equal to the angle C P D, the 
angles CAP, C D P must be equal or supplementary. But they . 
are not supplementary, for if, as before supposed, C A be equal to 
C D, the triangles AGO, D C O are equal in every respect, 

therefore Z C O D = ~. But O C = O D, therefore Z O C D 

= Z O D C ; therefore Z OCD=^-~; similarly Z C A 

2 4 

= -!!-——; therefore Z ACD = 7r — — ; therefore the angle* 

A C D, A O D are together equal to tt +— -, that is, the angl^^ 

A C D, A O D are together greater than two right angles, anA- 
therefore, the angles C A O, C D O are together less than two rig 
angles ; a fortiori^ the angles CAP, C D P are together less th 
two right angles, that is CAP, C D P are not supplementary 
long as C A is supposed equal to C D. 

Nor are they equal ; for since A P, P O are greater than A 
they are greater than D O ; that is, A P is greater than D P 
therefore Z A D P is greater than Z D A P. But if C A be equa — 
toCD, Z CDAisequalto Z CAD; and therefore, Z CDPi^ 
greater than Z CAP. Therefore, if C A be equal to C D, th^^ 
angles CAP, C D P are neither equal nor snpplementary, whiohrJ 
is an absurdity ; therefore C A and C D are unequal, that is the arc^B 
C A, C D are unequal, and all error has not disappeared through — 
out the arc. The amount of error remaining has not here been i 
cated, but there is no difficulty in finding a general expression i 
iti nor in determining its maximum amount. 

Suppose C P D = ar, any angle through which it is desired 
traverse the gun. In order to traverse the gun through x, t' 
pointer would be brought to some point B, where B reads x degre 
Evidently B C would represent the amount of error correspond! i^i 
to X. Assume, for the present, that B D is grreater than C D, »t>- ^ 
let B C = tt, A D = 2, the length of the arc. 

Then u = B D — C D. 

By hypothesis, whatever fraction Z CPD is of APD, tl* 
fraction B D is of AD; 

thatifl,BD = ?i. 

a 
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Uk>»CD: AD= L COD:/ AOD. 
Ikerefore, 

= ---icOD 
« 6 

= ^ --J-(»- OOP) 

,/ 1 1\ . Z . -V . 0P\ 



= ''(f-T)+l«'^"H^^'' 



sin (a — B) 



sm a 



} 



(1) 



BaqiTeBsion for the error at anj point in A D. 

D order to determine the valne of x which makes u a mazimnm, 

rrentiAte (1), then 

sin (a — 6) 



cos X- 



sm a 



{l-si 



sin' X 



in»(a-^)H 



sm 



sin' a 



! 



-a-D-f 



2 008 X sin (tt — g) / 1 — 1 \ 

T {«in« a-sin» x sin* (a - «) | *" H "d T / 

gin» (g - tf ) - Bin' X sin' (a - tf) _ (a - g)' 
sin' a — sin' x sin' (a — &) a^ 

X sin' (a - tf) (2 fla - ^) = a' sin' (a - «) - sin'a (a - $) 
g^t^_ tt' sin' (g - g) - sin' a (a - g)' 

sin' (a - 0) (2 Oa - tfa) 

Bin»=± { a»Bin'(a-^^)-sin'tt(a^g)'j ' 

sin (g - ^) (2 Oa - ^)l 
la' sin' (tt - tf) - sin' a (a - «)' | 

sin (a - ^) (2 fc - ^)» 
P«* _ ^ r ( 1 „. , ^ sin' (« - tf) ^ 1 . sin (a - 6) 
vir c^ L C sm* a ) sm a 

sin' (tt — «) - 



X = sin— ^ ± 



J 



+ cos X 



sin (tt — 0) 



sm a; cos sb 



sin' tt 



sm tt 



C sin' tt J _ 

C sm' a ) 



^ U sm'* tt sin tt 
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I Bin* o J _| (. sin* a ) 
gip^( 8in»(a-tf) _ Bin(a-g) | 
2 C sin^ g sin a ) 

~^ j 1 _ sin «. !iBL(?Lll) U (2) 

Now, for arcs too short, a is always greater than 6, hence a is 

greater than a — ^, that is sin a than sin (a — d) ; therefore 

sin (a — ^) . *_ X,- J sin^ (a — d) sin a — tf 

\ ^ IS a proper fracfaon, and >-» : 

sin a Bin^^a sin a 

is negative. Therefore, the numerator of (2) is negative if sin x is 

positive: bat the denominator of (2) is always necessarily a 

positive proper fraction, hence (2) is negative when sin x is 

positive ; that is, u is a maximum when sin x, and therefore x^ takes 

the positive sign. That is u is a maximum when 

_l j a« sin2 (a - «) - sin^ a (a - 6)^] « 

X = sin ^ ■ ^ ^ .... (o) 

sin (a - d) (2 ^a - ^ )» 

An assumption has been made that in this case B D is greater than 
C D : this must be examined. It is true, so long as a is not greater 
than a right angle, that is, if the whole arc be less than 180°, and 
truly divided so that the gun reads correctly on its central line of 
fire. To greater arcs the following investigation would not apply. 

Call an error at any point in the arc positive when the actual 
angle traversed by the gan in reaching that point is greater than 
the arc-reading at that point ; and negative when the angle tra- 
versed is less than the arc-reading. Then in the position A* D* 
(see Plate I., Fig, 2) all errors are clearly negative, and the 

maximum is A^ K' = D" K' - Z = ^-i^ - Z = 2 i-IL? ... (4) 

Throughout A*^ D'' then B D is less than C D ; but in A D the error 
at A has vanished, and a little consideration will show that negative 
errors have become positive, that is, in A D, B D is greater than 
C D, which may be proved thus : — 

As long aa aj = 6. ^'"^ ^ ^^ ^ = sin ^. But when x u 

sm 

diminished, since the sines of angles diminish less rapidly than 
the angles themselves, where those angles are less than 90°, 

therefore : — r — is greater than sin ^ so lone as — and —are 

sm 6 b ^^ b h 

proper fractiona : that is 
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sin 



i^^^nt ') ^ «^^ ^^ T- 



Now, as long as a is greater than $, — ^ — ^ ^ proper fraction ; 

therefore, if sb be less than a, sin \ sin x - — v ■ t ^ 

C Bin a ) 

greater than x . 

a 

Bnt in the case nnder consideration, a is always greater than ; 
therefore, in this case the right hand term of (1), which is positive, 
is greater than the left hand term, which is negative ; therefore (1) 
is positive, that is B D is greater than C D. 

Since in passing from A" D* to A D, it is fonnd that negative 
errors have become positive, the error at each point in the arc has 
changed its sign and must have passed through zero. Hence the 
maximum negative error in A'^ D'' is greater than any negative 
error to the right ; the maximum positive error in A D is greater 
than any positive error to the left. For the maximum n^ative 
error is always the intercept between A A'' and AK' of the arc 
produced, and this can never be greater than A" K^ 

Let A' D' be any third position of the arc in which take a point, 
W. Make B D = B' D', and let a/ be the angle of traverse corres- 
ponding to the reading at B'. 

Then -^ = 5? =r ^' = J^ therefore «' = « and C D' is 
a DA DA a 

greater than C D, that is B C than B' C. But the position of B 

18 nnrestrioted so long as it lies in the arc, and is so placed that 

the error is positive ; and the position of the arc A' D' is un. 

restricted so long as it lies between A D and A'' D'' ; therefore, 

wherever B' may be, the positive error at B' is less than the positive 

error at a point B in A D. There must then be some position of 

the arc, such as A' D', where the maximum error, whether positive 

or negative is the least possible. In A' D' the maximum positive 

and negative errors are equal to each other, for in any position of 

the arc to the left of A' D', the maximum negative error is greater, 

and in any position to the right the maximum positive error is 

greater. Therefore, the best possible position of the arc is A' D' 

where the maximum positive error is equal to the maximum 

n^^tive error. 

Produce D' A' to K. A' K is the maximum negative error 
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Take C P D' so that B' C is the maxima m positive error in 
Then A' K = B' C. 

But A' K = D' K - A' D'. 

= -i D'O'K- i= ^ (a- PKO') - I 

I ( . J /O' P . \ ) , 
= -^ j a — sm j Bin o J > — i . . . . 

And B' C = B' D' - G D' 

a (f a (f 

, , /I l\ , I . -WO'P . A 

Therefore 

-g,8m (^811. a,— -j 
Bat the right hand side of this equality is a mazimam 

= Bin ( _____) 

O' P (2 tf' a - ^2)» 
Therefore, 

^^ ^^ 0'P(2«a-^2;» "^ 

/^O'P 

— 811 

r 
r (2 ^a-^)* "^ g^ 






= 4.-1. 



ff 
An awkward expression, bat less so than it seems, fo 

cannot be greater than P, that is than r \^ "" — r 



norcf 
sin a 



less than -^ sin ( a - (« + i- B C) ) (Fig. 2). These 
sin a C I ) 

lie close together, and leave little choice in finding O' P bj 
moreover the separate terms of (5) being to a great extent co: 
can be found by logarithms and tabulated, so that not mud 

tional labour is involved in trials after th^ first. Thus ( — - 

\ a 
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r* (tt — try^^ (2 9a — tf^)* .... can be fonnd once for all and 
tabalated. 

From the above expressionB can be fonnd : — 

I. The error at any point in the arc. 

II. The xnaximnm error in any position of the arc from A D to 

TTT - The best general position of the arc. 

IV. Also, having determined the error in the best general 
poBitioii, these expressions give a means of determining in what 
arcs, ho'wever placed, the maximum errors are appreciable, and, 
bherefore, of deciding what arcs to reject. It will be fonnd that to 
cause an appreciable maximum error in its best position an arc 
niist be very considerably out in its length. 

It might be desired to place an arc so that at any particular 
reading^ there should be no error at all in the angle of traverse. 
Hms, suppose the reading y on the arc is to be precisely correct, 
o that the gun with pointer at y shall have exactly passed throngh 
in angle y. To secure this O' P must be laid down with the value 

sin (y — — y) 

. z_ as may be easily shown. 

sin y 

Case II. (see FJaie I., Fig. 3). — ^Arcs too long, and not greater than 
.80^ Using the same nomenclature, let A!'jy be the arc with 
«!ntre at P, the pivot of the gun: A^PD"" = 0; let APD = a 
he liiglxest reading of the arc. 

As l>ef ore, let the arc be symmetrically placed abont D P, so that 
he gni^ reads correctly on its central line of fire. Then the errors 
a A" jy afo evidently positive, and the maximum error A" K 
-reater than any positive error to the left. Take the arc to the 
ositioxL A D ; then the errors have become negative — that is, G D 
( airways gpreater than B D, as may be shown in precisely the same 
rikV &s before. 
•herefore, 

— ^ ,/l 1^,^ . M. Bin(«-a)) 

i^nd. ibis is a maximum when 

i tt» sin2 (tf - o) - («-a)8 sin» o I « 

m s= sin""^ ^ =E ^ 

sin (^ - a) (2 Ba - ^)* 

od is then greater than any negative error to the right. There 

iiiBt. therefore, be an intermediate position, such as A' D', where 



I 

1 



sin -1 
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the maximum error is the least possible. In this position A'E 
= B' C\ that is 

Z-J,{a + sin-l(2^sina)}=: 
i /i3 A' p8 — i-S /'^ _ |»'\2 C a 

(^ ) from which O' P can be fonnd as 

r (2 ^a - ^»)» 
before. 

Finally, if it be desired to place the arc so as to make both arc 
reading and angle of traverse correct at any angle, as y\ then the 
arc must be placed so that 

0'?=-^; sinf?^-.y') 
sm y V a ''J 

Case in. Arcs of 180°, (see Plate I., Figs. 4 and 5).— This is a 

a particular case. Here Z COD = aj=FOCP=aj=F sin-^ 

f sin a j = a =F sin"^ ± (cos sin aj) : therefore C D = ^ 

=F 4sin-i ± (costfsinflj). AndBD=^* 
6 a. 

As long as = a = 90° sin -— -g — ai = cos sin aj. But if 

a be diminished, sin — —-g — x is less than cos 6 sin aj, since — —-= — 

yu yu 

is a proper fraction, and the sines of smaller angles diminish more 
rapidly than those of greater angles. Therefore w ( - — ^ ) is 

never so great as -^ ^^ "^ (^^^ sin a;) and C D is less than B D. 

Conversely, when the arc is too long, B D is less than C D. The 
general expressions can be easily found. Thus in Fig, 4 u is a 

, . 1 I a«cos« tf - (a - «)8 ] « , ,^ 
maximum when » = sin-* ( ^ _) *^d tbe 

cos tf (2 tfa - ^)t 

best position of the arc is found from 

^^ * '' o' p (2 «a - e»)* 



23 

Case lY. AroB exceeding 180^. Arc too short (see Flaie 11. 
I%g. 6). — ^A* D* ifl the arc, P its centre. The error at any point 

s= — X ij> -^ z^ that IS, the error is always negative and a 
a u 

xnaximnni when a; = a ; whence tt = A'' K' =s D" K' — Z = -^ — 

I = a' — ^ before. This is the greatest negative error in 

any |x>8ition up to A D. A D is a second position of the arc, so 
that A P D = a. 

Error iiiAD=BDGO CD= ^- OJ-icOD. 

a 

Z » ^ Z f • -1 • sin (a — d) 7 
= — CD ^ i » — sin^* sin X i; ^ > 

a L sin a j 

To ascertain which of these terms is the greater is to ascertain 

ich is the irreater of « ( ^ — ) and ^ sin-^ sin aj-2£-i5LlI_El2 
* \e a J $ sin o 

that ifl, of g ? ^ and sin"^ sin x : "" \ But sin a = sin 

a sm a 

, \ J 1 • ^ sin X sin (a — d) . ^ . 

(w — a), and as long as » is > ir — o, ; — - — ^ — - — i is > sin 

sin (ir — a) 

(0 — o), while X being < o, sin — (a — tf) is < sin (a — $), In 

a 

this caae, 

• -1 • sin (tt— d) . a — tf 

sm"** sm 9 > is >• * . 

sin a a 

xwTL. sin X sin (a — tf) . , ^^ , . 

Wnen » = i — o, ; ^ -—^ = sin (a — 6) and sm x 

sm (w — a) 

* ^ is < Bill \a — tf), since a > tt — a by hypothesis ; therefore 



a 
irlien is =, or >- « — a, 

1 . sin (a — d) . a — d 

sm-* sm X — ^ ^ IS >• fl5 . 

sin a a 

But X may be less than ir — a. In that case 



Bin 



a 



1 ^ sin (a — 6) . 

X IS always < -; — ) f sin a?, 

sm (w — a) 



because is a proper fraction, x is less than -^ and there- 

fore sines of fractional values of x diminish more rapidly than 
Bines of x. Hence in all cases 

^ sin (a — 0) . a — d 
sm "" r^ sm a; IS >- x ; 

sm a a 
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therefore G D is < B D, and the error is poeitive. The maYimnm : 
yalnes of x, and therefore of u, are the same as before, and the 
position of the arc corresponding to least error is found from the 
same formula as for arcs less than 180^. 

Case Y. Arcs exceeding 180°. Arc too long (see Plate U., 
Fig, 7.) — ^The figure is given. From it it is evident that the errors 

in A^ D'^ are positive, and that the maximum is A'^ K'^ == Z — ^ — * 

Also, it can be shown that the errors in A D are negative, and =s ' 
, / 1 1 ^ _.. i . 1 ( . sin (« - a) 7 

the maximum beiAg as before. ' 

Likewise the best position of the arc may be found as in Case 11. ' ^ 
The following practical example illustrates the application of the 
above expressions : — 

Chord of arc of 120° measures &'277 

Versin 2'-3 j-'jq 

Whence, by calculation, r = 4'-873, I = 4944, ^ = 58° 7' 32''-6 or 
581257, a = 60°, a - tf = 1° 52' 27''-4 or 1-8743. ; 

I. To find Xy the angle giving maximum error in A D (B^ig, 2). | 

2 log sin a = 198750612 | 
2 log (a - tf) = -5456782 | 

i 

20-4207394 
20 



log 2-6347497 = -4207394 
\ sin^a (a - tf)» = 2-6347497. 

2 log a = 3-5568026 

2 log sin (a - 0) = 170292586 

20-5855612 
20 



log 3-8508903 = -5855612 
/. a? 8in« (a - tf) = 3-8508903. 
And 

J a? sin« (a-tf)^8in2a(a-«/p = ^38508903 - 2-6347497]* 

= 1-1028. 



^Lgain, 
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(2 tfa - tf») i= 59-96287. 

log (2 tfa - ««)« = 17778788 
log sin (a -0) = 8-5146293 

10-2925081 
10 



log 1-9611378 = -2926081 
.-. Bill (a - tf) (2 Oa - fi)^ = 1-9611378. 

Bvf3) oj = Bin-i -JilM logM028 = -0424968 

^ ^^ 1-9611378 log 1-9611378 = -2925081 

=s sin-i -5623266 log 5623266 = 1-7499887 

= 34*» 13'. 
U. To find the maiiimim error in A D {Fig. 2). 

— = 2-81945; ^j = 291037. 

log sin a = 9*7499866 

log sin (o - «) = 8-5146293 

18-2646159 
log sin a = 9-9375306 

8-3270853 
10 



log -0212366 = 2-3270853 

.-. sin-i = ( sin » 8^'° (^^ - ^) \ = Bin-i '0212366 
C sin a ^ 

= 1° 13' or 1-2167. 

log I = -6940785 

log 1-2667 = 0841835 

-7782620 
log^ = 1-7643683 

log -10325 = 1-0138937 
-. by (1) max" error in A D = 010325 + 2-81945-2-91037 

= 0'-01233 
= 0''-14796 
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ni. To find the best poBition of tbe aro. 

0P= r^^?~^^ = 0'184. 
sin a 



sin |a-(« + -* X 0123)1 = 0' -16984!. 



sin a 

Therefore O' P lies between 0'16984 and 0'184, and it is a 
question what actual number to use for a first trial. The mean is 
rather less than 0*1 ?7 : probably this would be used for a trial, and 
on being found too great, either '176 or '175 in the next instance. 
To save space, 0*175 will be tried at once. Those expressions 
which involve 0' P are placed on the left ; those which do not on 
the right. 



2 log -175 = 2*4860760 
2 log a = 3-5563026 

log 110*25 = 20423786 

O' P« a3 = 110*25 



2 1ogr = 1*3755928 

2 log (o-tf) = -5456782 

log 83-42 = 1*9212710 

r» (a - «)» = 83*42 



|0'P«a3-r8(a-tf)2p= Tl 10*25- 83*42 V = 5*18. 



^2tfa-tf2y = 59*96237. 

5 0'P8a8-r»(a-«)3U 



59-96237 "" '^^^3^- 



Whence, 

l-„ . , {0'P'a» -»^(a-tf)'} ^ e-a._,- 

ai-n—l V, J. -— am— 1 _ 

O'P (20a- 0^y 



a -175 



— ^"l^ai'ri-l -ilQ.^*;?! = ^ 



a 



sin-i -4936571 = "^—^ 29*581 = -0-924. 
a a 



sin-1 '^ . . . -> =8in-i •^^=Bin-i*0177283 

4*873 



Jo'P^a^- r8(o-«)8p 
lin— 1 ^ _ __j — } =8in~^ 

^2«a-«»J^ 

= 1*016. 

. , /O'P . ^ . _ 176 

iin~* I flin a 1 = sin"^ — ■ — 



sm-* (— sin a) = sin- -1^ sin 60 = sin-i -0311008 
\ r ) 4*873 

= 1-782. 



2? 

Therefore by (5) a - tf = 1782 + 1016 - 0924 

= 1-874 
Tlie tme nnmber is 1'8748, so that 

0' P = 0'175 
is correct to the third place of decimals, and is as accnrate as any 
actual work laid ont would ever be. 

IV. To find the mazimnm error in this position. It is 

= i- (a-sin-i '^ sin a) - I. By (4') 

= -i.^ 58-218 - 4-944 
581257 

= O'-007846 

= 0"094152. 

By (4) the maximum error in A" D" = I . 

58-1257 

= 0'-15942 

= 1"-91304. 
The three errors then are — 

Arc centre at gnn piyot, Maximum error 1'' '9 1304 

Extreme readings correct, ditto 0'^* 14796 

In best position, ditto 0''09415 

V. Suppose it be desired that when the gun is traversed to 40^ 
on the arc, the actual angle shall also be precisely 40° ; then 

lin ^40-40 i.) 



sin 
0'P = r 



sin 40 

sin f 40 - f (58° 7' 32"-6) J 



= '*'873 . ^ 

sm 40 

= 4-873 B^n ^° ^^' ^^"'^ 

sin 40 • 

= 0'-16532. 

Ck)KTiNnons Arcs. 

Suppose a number of guns mounted in a circular fort as A B 
{Plate n., Fig. 8), the pivots i?, p, j?, . . . being equally spaced 
along A B. Then |7 p is a constant angle = A, suppose. The 
number of guns that can be mounted in a fort completely circular is 
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-^' (In what follows, for the sake of brevity, " trail left " wi 

mean that the gun spoken of is traversed to fire as far as possib' 
to the right, " trail right " the opposite.) Take a as the commo 
greatest angle of traverse : then if gun No. 1 be *' trail right, 

Z, p C = -_ • K as many guns as possible be trained parallel f 



a . _ _ a 



gun No. 1, then OpD= — — A:0pB=-o-~"2A; and so oi 

The arcs must be laid to read accordingly, in order that the gur 
brought to a common arc reading may fire at the same object. 1 
a be an exact multiple of A, then obviously the greatest number o 
guns which can be trained parallel to gun No. 1, *' trail right," : 

— ; if a be not a multiple of A, this greatest number will be ^ — ! 

Call the number of guns trained together a group. No. 1 {Fig, 8 

will be the first gun of the first group. No. 8 will be considere 

the last, for No. 9 gun belongs rather to the next group, being th 

gun traversed " trail right," in order to advance to that next group 

it is the connecting link between the two groups, and hence it i 

convenient to estimate it in the second group. If then a be a 

exact multiple of A, the number of groups in a complete circuh 

1. i.i. 11 1- 360 a 360 

battery will be -^ -i- — = — • If a be 60°, the number < 

groups will be 6 ; if a = 58° the number of groups will be 7, thi 
360 _ gl2. 
68 58 

As it does not affect the principle, suppose a an exact multipl 
of A. Suppose arc No. 1 too short ; then gun No. 1, when " tra 
right," will fire to the right of an object the direction of whic 
makes an angle a with Z B, the zero line of the fort. Gun No. I 
when trained parallel to gun No. 1, will also fire as much to tl 
right of this object. In other words, the error in gun No. 1 
carried on to group 2. Similarly an error in gun No. 9 may, i 
addition to the former error, be carried on to group 3. In a battel 
of six groups an error of only half a degree in group 1 may becon 
3° or more in group 6. 

The important question is how to mitigate this evil without rejee 
ing all the arcs. It has been shown that, though an arc error mi 
be much reduced, it can never be wholly eliminated. The f ollowii 
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table shows the deviation from the intended path of a shot due to 
Tarious arc errors. 



Arc Error. 


Deviation corresponding for 


Jftange 
6000 yards. 


Range 
5000 yards. 


Bang^ 
4000 yards. 


1° 

30* 

15' 

10' 

6' 

4' 

3' 

2* 

1 

30* 

15' 

* 


Feet. 

314 

153 

79 

52 

26 

21 

16 

10 

5 

n 


Feet. 

261 

127 

66 

43 

22 

174 

13 

8 

4 

2 

1 


Feet. 

209 

102 

53 

35 

17 

14 

11 

7 

3 

If 

i 



The mean error, therefore, should not in general exceed 41, Now, 
it IB clear that in a battery of one group there is no difficulty. No. 1 
gim would be traversed " trail right," and laid on a distant object as 
nearly as possible on this bearing ; the arc would then be laid so as 
to be exactly correct for this angle of traverse. The remaining 
gnus being laid parallel to No. 1, the corresponding readings of 
their respective arcs would be treated (for the purpose of laying 
the arcs only) as zero, and the arcs would be laid in the best position 
and correct at their temporary zero. A second group being added, 
the difficulty begins, but it can be mitigated thus : — The No. 1 
gun of a group is to be laid parallel to the No. 1 gun of the preced- 
ing^ group, when in the zero position of that group, as No. 9 g^n in 
position ¥p, parallel to GB, in Fig. 8. The gun is then to be 
traversed, and laid on a distant object, when as nearly as possible 
** trail right." In these two positions the arc must read correctly, 
and there is no difficulty in placing it accordingly, as shown in the 
inTestigation of independent arcs. The remaining arcs of the 
group will be placed in the best positions, treating as a temporary 
yero the reading when the guns are laid parallel to No. 1 of the 
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gronp. The cnmnlative error is thus got rid of, and the individual 
arc errors are reduced as much as possible, or rather as much as the 
method permits. It would be still better, and would reduce the 
individual errors to the lowest possible amounts, to treat the second, 
third, &c., groups, thus : — Having fixed zero line of fort, and 
laid arc No. 1 in its best position by previous rules, traverse No. 1 
gun of first group to point of no error on the arc. Bring gun No. 1 
of second group parallel to No. 1 of first group, by means of a distant 
object, chosen or placed. We must now have the same arc reading 
at pointers of both No. 1 guns. Consider this reading temporarily 
zero in the case of No. 1 of second group, treat the longer arm of the 
arc thus divided, and ascertain accordingly its best position. Now 
find point of no error in this longer arm as placed, traverse gun to 
that point, train the other guns of the group (second) parallel to their 
No. 1. ; place arcs of group so that all now read same as No. 1 of 
the group at gun pointers, and are also in best position. Thus 
treat group No. 3, 4 

Eosample. 

Let A B (Fi^. 8) be an arc through the pivots Pt Pt p, . . . 
Let pO p = 7 J°, a = 60°. Suppose arc No. 1 to be an arc of 59°. 
and radius 10'. Length of arc = Z = 10*2974. Then the distance 
of proper centre of arc from pivot in beet position lies between 

10 ™il and ^^ ^ sin ( 60° - ^59° -f ^ x •01386'^ \ 

siiTW ^ii^^O^ I V 10-2974 ^^^°^; j 

that is, between * 201 52 and * 18551 . A sufficiently accurate value is, in 
fiict, '191 . The arc would, therefore, be thus placed : — The maximum 

error would be ^^'fj^ ( eO-sin-i 'ij-sin 60 ) - 10-2974 = 

0'0087 or 0*1044, corresponding to about 3'. The reading at which 
there is no error at all is = 48°, as nearly as possible. On being tra- 
versed to 48°, then, gun No. 1 would read the true angle, and if an 
object at some distance could be found or placed to lay the gun on 
when at 48° there would be no error to carry forward. No. 2 gun 
being laid parallel to No. 1 gun, No. 2 arc would be placed with the 
reading 48° at the gun pointer, and the best position would be ascer- 
tained just as if 48° were temporarily zero, and the length of the 
arc were the length of its longer arm : in this case 48~7f = 40^ 
Suppose, for instance, the arc were actually an arc of 58° 30' ; the 

portion to be considered would be an arc of ^ of 40|° of radius 

60 
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l<y ; wliere o = 40|. The iarue position would then he found as 
before. Similarly all the arcs would he treated up to the seventh. 
Ab the eighth has no reading 48^, the seventh must he made the 
No. 1 of the second group. The placing of this arc has then to he 
considered, and is most important, as on its correctness depends the 
coirectness of the second group as a whole, and of all the groups to 
the left. We have then the reading 48° on the line p G, and this 
is to be temporarilj treated as zero ; the longer arm is 57°, and the 
problem is to place an arc of this length in its hest position. Sup- 
pose the arc to he an arc of 58°, so that the longer arm is an arc of 

^ of 58° = 55° 6', or 551. Then a = 57°, r = 10, Z = 
60 

9' 61 68. The distance of proper centre of arc from pivot in hest 

position lies between 10 —^, — -=5— ^^^ —■ — fi^ sin ] 57° — 

*^ sm 57^ sin 57^ t 

(55° & + ^gy^ ^ 022744 ) I that is, between -39533 and 

'36875. A sufficiently accurate valne is '378. The maximum 

error would be ?^|? J 57 - sin-i f ^ sin. 57) | - 9*6168 

^ (y-0144, or 0''*1728, corresponding to 5 J'. The reading at which 
there is no error is 49° 9' 20"^ from the temporary zero, or 97° 9' 20^^, 
as marked on the arc. If at this reading the first gun of the 
second group he laid on a distant object, and the other guns be 
brought parallel to it, the position of their 97° 9' 20'^ can be marked. 
They are then to be treated like the intermediate guns of No. 1 
group, with the diflference that they are laid from 97° 9' 20", as if 
sero, instead of from 48°. Enough has now been given to show 
how the whole battery would be treated. There would be no cumu- 
lative error at all, and the individual errors would be inappreciable. 
The difficulty in the way is a practical one. There would almost 
always be great difficulty in finding the required objects to lay on. 
Errors creep in as soon as there is a deviation from the group zero 
lines in choosing objects. It is evident that as far as No. 1 gun of 
the battery is concerned, no object to lay on is needed, the whole 
question being one of measurement, calculation, and accurate work- 
manship. But distant objects are used to ensure the parallelism of 
tlie guns. If the means are at hand, distant objects on the required 
line may he dispensed with, very carefully made trammels and 
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which is probably only imperfectly acquainted with Indian name 
and places, I shall make no apology for what those of you wh 
have been in India may, perhaps, think rather elementary. 

Every one has a general idea of the geography of India as 
great triangular promontory, drained by large rivers, and fenced o 
the northern side by the Himalayas, but it is probably not a 
generally known that the ground in the peninsula rises in man 
places to a very considerable altitude, such as some of the peaks c 
the Nilgiris which rise to over 8000 ft., while an altitude of nearl 
6000 ft. is reached in the Aravali range near Mount Abu (Gur 
Sikkar 5653). 

The latest authorities on its physical geography divide India int 
three distinct regions, namely : — 

1. The Peninsular area; 

2. The Extra- Peninsular area ; 

and, 

3. The Indo-Gangetic plain, which separates the two first. 
This Indo-Gangetic plain is of vast extent, and forms an immens 

expanse of flat country stretching from sea to sea. A travelle 
might disembark at the mouths of the Indus and might travi 
thence over a country to all appearance pei-fectly flat, until, after 
journey of over 1^000 miles, he again took ship at the mouths of tb 
Ganges. In the whole of this journey he need only have reach^ 
an elevation of 9U0 ft. above the sea. The highest point on th 
water-parting of the Indus and Ganges (between Saharanpur an. 
Luciiana) is 924 ft. The level of the ground at the junction of tb 
Panjab and the Indus is 369 ft., at a distance of 450 miles from tb 
Arabian sea, whilst that at the junctions of Jamna and Gangei 
about 600 miles from the Bay of Bengal, is 340 ft. only. 

This great plain contains not less than 300,000 square miles, an. 
in it lie the richest and most populous districts of India. 

The regions separated by this plain are of totally different geologies 
character, the Extra- Peninsular area being remarkable for th 
effects produced by great disturbances in late geological timef 
whilst in the Peninsular area (that with which we are at preaen 
chiefly concerned) precisely the reverse is the case ; there appeal 
to have been very little contortion or alteration of its strata aino 
a very early period. Owing to this circumstance the draiiuij| 
systems of the Peninsular area are very clearly defined and easil 
understood. 
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hPhite I. these drainage syg terns are shown in different colonra. It 
is Been that bj far the larger part of the Peninsular area is drained 
nstwaidB into the Bay of Bengal. Besides some minor ones, the 
principal basins are those of the Mahdnadi, the Gk)d4yari, the 
Kriilina or Kistnah, and the Kdvari. To the west into the Arabian 
Sea we find only the Narbadda (or Narmada) and the Tapti basins, 
>nd a narrow strip of country along the western coast which is 
inked by a great number of small streams. 

The water-partings which define these drainage systems are — 

Ist. The Sahyddri or Western Ghdts, which extend from Cape 
Koniorin in a direction somewhat west of north, to a point about 
1^ miles north-east of Bombay. From this line the drainage flows 
ciitwards, to join the Qoddvari and other rivers to the south of it ; 
westwards to form the small streams already mentioned, which flow 
into the Arabian Sea. 

^. An elevation which breaks off from the Western Ghdts, 
»irChandar (lat. 20° 26', long. 74° 10'), and runs by Baithalwadi 
^Amrawati. From thence it joins the Sdtpura range near Deo- 
ptK and then passes by Chindwara (broken through by the Wain 
fl«nga) to the Mekal Hills (22° to 22° 30', long. 81° to 82° 30'), and 
*en by Haz^ribAgh (24° 0', long. 85° 30'), till it meets the Ganges 
^^ R&jmah^l. This parting line separates the basins of the 
^'•^inri and rivers to the north of it, from those of the Tapti and 
Hirbadda flowing west, and the Son and its confluents flowing 
■•rthwards to the Ganges. The part of it south of the Tapti is 
?W the Northern GhAts. 

*fc« 3rd of the gpreat water-partings is the Sdtpura range, which 
••w nearly east and west between the Narbadda and the Tapti, and 
'1*'^ the basins of those rivers. 

^* The escarpment of the great Vindhiyan plateau. This is 
"^ called the Vindhiyan range, but it is not, properly speaking, 
•*nge. It is the southern scarp or outcrop of the Vindhiyan or 
*«wa plateau which comprises Indur, Bhopdl, Bnndelkhand, &c. 
*^ Kaimlir Hills are a continuation of the same scarp along the 
" or northern bank of the Son. 

'fom the Vindhiyan water-parting there is a great drop into the 
'•wy of the Narbadda to the south, but on the north a gentle 
''^' The drainage of this slope passes to the Ganges through the 
Chambal, Sind, Betwa, and Ken rivers, all of which have a course 
nearly north at first, and graditally work i^onpd eastward to the 
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Jamna. Only a very small part of the plateau on the soi] 
west is drained by the Mdhi river into the gulf of Khambdyat. 

5th. The Aravali Hills, which strike nearly south- west and north-( 
through RijptitdDa and shut in the Peninsular area to the north- w 
The City of Dehli and its famous *' Ridge " are at the extreme nc 
end of this range, while the sanatarium of Mount Abti (now the h 
quarters of the R4jput&na Agency) is near the southern. \ 
peculiarity of all these main dividing ridges is, the Aravali o 
being an exception, that they are merely plateaus that have esca 
denudation. '* Peninsular India (says Mr. Blanfotd) is in fac 
table-land worn away by subaerial denudation, and perhaps t 
minor extent on its margins by the sea ; the mountain chains 
merely the dividing lines left undenuded between different drain 
areas."* 

The Aravali differs from the other ranges in being entirely « 
posed of disturbed rocks, the axis of disturbance correspond 
with the direction of the chain. Of the drainage of the west 
slopes of these hills part is lost in the Indian Desert, part foi 
the Bunas and Liini rivers which flow into the Rann of Kachh. 

The whole operations of the campaigns with which we 
dealing extended over a great part of the Peninsula, as well a 
the Gangetic plain, for while General Lake operated for the n 
part in the Dodb (as the country between the Ganges and Jamn 
called) or its immediate neighbourhood, the plan of the Goven 
General included both the Madras and Bombay armies. ' 
former concentrated a large force at Harihar, on the Tangabha 
(a confluent of the Eoishna) in the north-west corner of Mai 
whilst the latter operated in Giijardt. It is obvious that in count 
so diflerent as the Gangetic plain, to which the operations of I 
Lake were almost entirely confined, and the broken country of 
upper basins of the Godavari and Tapti in which lay the fiel 
General Wellesley*s operations, different methods of marching 
supply must be adopted, and we shall see later that this was thee 
The communications in an unbridged country must of course 
greatly affected by the drainage. Thus we find that, though 
railway now-a-days takes a more direct hue, the old road fi 
Madras to Bombay makes a great sweep to the west, to avoid 
rivers, and passes through Baiigalur, Harihar, Belgaum, Kola] 

• •• Geology of India,*' Part I., Introdnotion, page v. 
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attara, to Piiiia and Bombay. The campaign of 1803 opened 
beginning of Angnst, that is to say in the middle of the 
season, a time which' both the Commander-in-Chief and 
•Grenefal Wellesley considered suitable for operations against 
lirathAs, because they would be unable to freely cross the 
and the incursions for which they were so famous would be 
f restricted. 

the water-parting lines which have been enumerated the 
dpi or Western Gh^ts consist to the northward of horizontal or 
horizontal strata of basalt or similar rocks, cut into a steep 
on the west ; the summits are flat, and the highest of them 
ahableshwar) rise to 4500 ft. The general height of the 
its is about 2000. Further south the horizontal igneous rocks 
t found, and the elevation is greater ; some of the peaks in the 
IB rise to over 8000 ft. 

Satpuras are in their western part, as far as Asirgarh, of 
c trap. Further east they consist partly of horizontal traps 
irtly of sandstone, the highest peaks, those of Pachmarhi, 
ahout 4400 ft. 

Vindhiyan escarpment consists of hard red sandstone, and its 
t levels are about 2000 ft. above the sea. The dip is towards 
•rth and is very gradual. The drainage lines run in deep 
8 having a general direction north. This sandstone forma- 
of great thickness and seems to correspond with our old red 
3ne. It forms the great plateau of Malwa. 
rocks of the Aravali belong to the transition period, and the 
yan rocks are found almost horizontal on both sides of the 
The range has a width of 20 miles. Its highest points are 
[4330 ft.), and Gtird-Sikra (5650 ft.), near Mount Abu. The 
> decline towards the north. 

ing now given some account of the configuration of the theatre 
I must proceed to the political distribution of the country at 
>e. And here I have been fortunate in obtaining (through 
idness of the authorities at the Indian Office) a map which 
nt home with the reports of the Governor- General (The 
388 Wellesley) and shows the British possessions in 1803, and 
I the native princes and chiefs.* 



^ foti St Gtoorge, and Bombay papers, relative to Marhatta War in 1803." Printed 
t^ order of Hooae of Commons, 6th and 22nd Jane, ISdA. 



1 need scarcely tell yon that in those days the present magnifice 
Survey of India was not even begnn, and the map has, therefo 
no great pretension to geographical accuracy. Besides this, t h 
houndaries of the native states between themselves were scarcel^^ 
known to the British. From this map I have transfeiTed th - 
boundaries as nearly as I can to a modern map (see Plate 11.) and i — 
shows (nearly enough for practical purposes) the various territories^ 
of the time. 

The State of Berar comprises the whole basin of the Mahanad 

above the Ghats, part of the basin of the Godavari, together wit^B 
the mouths of the Mahanad i, and the smaller basins between it an^^ 
the Sabanrika. Sindia and Holkar divide between them th — 
Vindhiyan plateau, whilst the former holds, in addition, a larg ■ 
part of the Doab, both above and below Dehli, and the country 
far up as Ludiana. 

The Peshwa's territories comprise a stretch of country extendin 
nearly 300 miles south, and for a considerable distance north, cm :i 
Bombay, and north of them we find Gdjarat, the territory of th 
G^ikwdr of Baroda. All these, the Peshwa, the G^ikwar, the R4j^ 
of Berdr (sometimes called from his capital Raja of N%pur, an^ 
sometimes from his family name known as ''The Bhonsla")* 
Sindia and Holkar, were Mardthas. The other great state of the 
time was that coloured green, the Musalmdn state ruled by the 
Subdddr of the Dakhan, commonly (but erroneously) called by 
Anglo-Indians " The Nizam.*' 

The various Maratha states are all coloured yellow, the different 
states being distinguished by different shades of that colour. This 
shows at a glance what an enormous development the Marath4 power 
had reached at this time, and how strong their position would have 
been if the various chiefs could have agreed to act together ; 
fortunately for the British supremacy this is just what they never 
could do. 

Next we are struck by the dangerous military position of the 
Bengal Presidency ; with an undefined frontier, " marching " for 
600 miles with the Marath^ of Berar, and the long narrow project- 
ing piece of the Doab and Rohilkhand, separated from the rest of 
the presidency by the independent territory of Oudh, and approached 
by a sort of narrow passage, which near Kdhnptir is only 30 miles 
wide, between the Ganges and the Jamna. The insignificant aise 
of the Bombay Presidency at that time next calls for notice, con- 
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ttsting of very little beyond the island of Bombay. The narrow 

^•ct of country round the Gulf of Khambdyat had only been ceded 
to the Company two years before. Further, tlie importance which 
tte Madras Presidency enjoyed in 1803 is brought out by this map. 
B presents an almost homogeneous British territory. True, a por- 
tion of Mais^r was (and still is) independent, but the power of the 
lius6r State had been completely broken down on the capture of 
Seriogapatam by General Harris (afterwards Lord Harris) in 1798. 
The Snltan Tippu had been killed and his territory partitioned. 
He small state of Travancor on the west coast is the only other 
tueeption in this direction to the prevailing red which denotes 
British territory. The frontier of the Madras Presidency was also 
lir more secure than that of Bengal. For about 400 miles it runs 
tkh. that of the Nizam, whose constant dread of the Maratha 
aade him a tolerably good ally, and though for over 300 
■flee it joins the Mardthds of Berar, still the narrowness of this 

. |ut of the territory, and the consequent nearness of the frontier to 
Ik sea base, maHe it much easier to defend than the corresponding 
hmtier of Bengal. 
The remaining portion of the Madras frontier between that of 

: fc Nizim and the sea to the west, is common with a Maratha 
Ate, which you will observe is marked as belonging to the Peshwa. 

" foOoiring out the colour you see that this extends over a very large 
^ tteit of country, comprising about 700 miles of the western coast 
fce, firom 40 miles south of Goa to the Gulf of Kachh (with the 
■ttll exceptions of the Island of Bombay, and the lately ceded 

[ Ikritory in the Gulf of Khambayat) and with a width inland of 
IW miles and upwards, which increases up the valley of the 
Ittbadda to as much as 400 miles. All this belonged to certain 
Ibaithi chiefs, who, under recent arrangements were bound to 
mbsidise troops of the Company, and it makes a deduction from the 
toW fighting power of a possible Maratha confederacy which was 
of the greatest importance. 

We have now reached a point where a short notice of Maratha 
UitoTy, and some account of the rise and growth of the various 
MirithJL states, and their relations with the British Government* 
-neam essential to a clear understanding of the military position. I 
iWl endeavour to put this before you as shortly as possible. 

India, in native parlance, is separated into two grand divisions, 
known as Hindiistdn and the Dakhan. The Dakhan in its most 
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comprehensiye sense includes the whole country south of the Vic 
hiyan-Kaimdr range, whilst Hindustan is the country draining 
the Indus and Ganges north of that line. Neither Gdjar&t a 
Bengal proper are considered by native authorities to belong 
to either of these divisions. 

Although at the time we are dealing with the Mardthas held 
large part of Hindiistin, their origfinal country, called Marashti 
lies entirely in the Dakhan. Beginning at the north-west it 
approximately defined by a line starting from the western extremi 
of the Satpura range, and following that range as far as theneighbot 
hood of Deogarh and Chindwdra. From thence the easte 
boundary follows the course of the Warda (or Varada) river 
Chanda, and the confluence of the Wain Gtinga and Warda. T 
southern limit is marked by an irregular line from near Chanc 
through Bidar and Kolapdr, to Gt>a on the west coast, while the e 
forms the western boundary. In the irregular quadrilateral th 
defined Maratha is the prevailing language. Its extension 
the neighbourhood of Ndgpur is said* to be due to the establie 
ment of a Marathd government at that place. 

This district is broadly divided into the Konkan, and the Desh, t 
country above the Ghdts, or Sahyadri range, which I have alrea 
described. The Konkan is the long narrow tract between t 
Ghdts and the sea. According to native legend it was recovered 
a miraculous manner from the sea. Pureshrdm, a Hindd Demig< 
after extirpating the oppressors of the upper country, and maki 
it over to the Brahmans, was by them ungratefully refused t 
privilege of residing there. He then repaired to the westc 
coasts and petitioned the sea for a place of residence. His requi 
was not at once granted, whereupon he drew his bow and let fly 
arrow from the top of the Ghdts, at which the ocean was intii; 
dated, and receding before the arrow to the point at which 
fell, left dry for the hero's residence the tract now known as t 

Konkant* 

The Desh, or country above the Ghats, is open and thou 
diversified is (I believe) nowhere difficult to traverse, but betwe 
it and the Konkan the Ghats (or Ghdt-Mahta as it is called by t 
natives) is a difficult tract about 20 to 25 miles in width, full 
steep, rugged, rocky hills, which are easily turned into forts, sn 



* See ElphinBtono, I., p. -ill, note. t Gimnt Daif, I., p. 4. 
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as in old days were able to defy attack. These hills are intersected 
ty deep winding valleys covered with brushwood. Daring the 
ninsthe full force of the south-west monsoon bursts upon the Ghdts, 
the valleys are filled with torrents, and the most magnificent 
cascades are formed on the faces of the hills. These, combined 
with tropical vegetation, form views, the beauty of which those who 
We the good fortune to ascend the Gh&ts during the rains are not 
likelj to forget. 

The Marathas ai*e described by Elphinstone " as small, sturdy, well- 
lo^e men, but not handsome. They are all active, laborious, 
h^fdy, and persevering. K they have none of the pride and 
^%Qity of the R&jplits, they have none of their indolence and want 
^ worldly wisdom. A Rajptit warrior, as long as he does not dis- 
honour his race, seems almost indifferent to the result of any 
^'ODtest he is engaged in. A Mar&th& thinks of nothing but the 
KBult, and cares little for the means if he can attain his object, 
'or this purpose he will strain his wits, renounce his pleasures, and 
'^'^ his person ; but he has not a conception of sacrificing his 
"^^ or even his interests, for a point of honour. This difference 
^ Sentiment affects the outward appearance of the two nations ; 
^°^ is something noble in the carriage of even an ordinary 
^jptit; and something vulgar in that of the most distinguished 
*^tWL. 

The Rajput is the more worthy antagonist ; the Mardthd the more 

^^''^^^^idable enemy ; for he will not fail in boldness and enterprise 

^'^Qn they are indispensable, and will always support them, or 

*Pply their place, by stratagem, activity, and perseverance. All 

/!?• applies chiefly to the soldiery to whom worse qualities might 

f^^lybe ascribed. The mere husbandmen are sober, frugal, and 

'^^Utrious ; and though they have a dash of the national cunning 

^^ ^ther turbulent nor insincere." • 

^f the early history of the Marath^ little or nothing is known, 

^i3 the establishment of a Musalmdn dynasty in the Dakhan, 

?*'*^ from the name assumed by the first king, the Bahmini 

'^J^'^Uwty.t This dynasty existed from 1347 to 1526, but during its 



* Rlphinstone, II., 467. 



Jl^^kM ICoHdmAns fint invaded the Dakhan in A.D. 1294, nnder Ala-nd-IMn, nephew, and 
)J2^^rards raooeBeor, of Jal41-ad-Din« the fint of the KldUi kings of Dehli. He attacked 
fS^ftri (now Oaolatabad) the capital of RimUeo, said by BU>hinatone to have been B4ja of 
^^•htrm, and radaoed him to aubmiMion. KlphinaUme, Ii^ I9. 
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decline five other MnsaJman states bad been formed. Of the 
states three, established at Bijapnr, or Adil Shahi, Ahmadnagi 
or Nizdm ShAhi, and Golkonda, or Kutub Shdhi, respectively, hi 
most to do with the Mardthds. The Bijapur house was called At 
Shdhi because its king always bore (with other names) that 
Adil, while the Ahmadnagar house was called Niz^ Shdhi, a 
the Golkonda, Kutub Shdhi, for like reasons. 

In 1573 Marashtra was subject to the kings of Bijapur and Ahma 
nagar, with the exceptions of a part of Khandesh held by the Suit 
of Blirhanpur, the northern Konkan which belonged to Gujarat, a 
the possessions of the Portuguese. Bijapur extended from t 
Nira river (north of Satdra) to the Tangabhadro, from Cape Banl 
to Cape Ramas along the western coast (nearly 200 miles), and on t 
east it was divided from Ahmadnagar by a line somewhere abc 
the course of the Bima river. 

Ahmadnagar had the greater part of Berar, parts of Elhandei 
and the northern Konkan, whilst the kingdom of Golkon 
extended east from the territories of the other two to the eastc 
coast. 

Under these dynasties as well as under that of the Bahmimi kin 
the Mar&thds generally held the hill forts, and rank correspondi 
to the number of horsemen under the command of an individi 
(called by the Mohammedans mansub) was given to the Maral 
chiefs. Of these, early in the 16th century one of the m 
important was the Mardtha family of Jadii, Deshmukh* of Sindl 
who was in the service of the Nizam Shdh of Ahmadnagar. Lu 
Jadii R4,o held a jagir for the support of 10,000 horse. 

Near Daulatabad there resided a respectable Mardtha fam 
sumamed Bhonsla, of which one Malaji Bhonsla obtained by 1 
ftivour of Lukji Jadu the command of a small body of horse in 1 
service of Murtiza Nizam Shdh of Ahmadnagar. This Ma 
Bhonsla had a son Shdhji, who in 1604, married Jiji B^,i, daugh 
of Ltikji Jadu B^,o. By her he had two sons, Sambaji and i 
famous Sivaji, who was born in May, 1627. 

Shdhji subsequently rose to a considerable position in the serv 
of Malik Ambar (an Abysinnian who was minister of the Niz 
Shdhi dynasty of Ahmadnagar) and when that kingdom was fine 

* Deshmukli, (see Welliagton Despatches, II., 170,) was th> holder of a BcTence OH 
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eitingaiBlied, and its terntory portioned by Shah Jehan of Dehli, 
m 1637, he entered, with Shdh Jehdn's consent, the service of the 
Vang of Bijapiir. His father Maloji had acquired, for his services 
to the Ahmadnagar dynasty, a large j^Lgir, the chief place of which 
nw P6na, and Sliith ji on entering the service of Bijapur was con- 
finned in this jagir, and received in addition a large one in Maisur.* 
The rise of Sivaji was very extraordinary. His father left him 
uaboy at Piina in the charge of a Brahman, who was the manager 
of the Pfina jagir, Sh^ji himself with his elder son being in Maisdr. 
Snji grew np among his father's horsemen, and associated much 
in hunting excnrsions with the wild inhabitants of the neighbonring 
OfaitB. Over these men he obtained, as he grew np, great personal 
iftflsence, and by the time he was sixteen he was already snspected of 
jobing them in extensive robberies in the Konkan. In 1646 (that 
ii to say when only 19) he obtained possession of the hill fort of 
Tona (20 miles sonth-west of Ptina), and a year later he fortified 
, aoiher hill about three miles from Toma, and gave it the name of 

%arh.t 

About this time the Brahman died, and Sivaji assumed charge of 
tte jigir. A little later he gained possession by treachery of 
ootber strong fort called Pnrandhar, about 20 miles south-east of 
Fba, and managed to increase his power in the district round Puna 
fithoat exciting the anger of the Bijapdr government, by which 
Aihji was looked on as the responsible jagirdar4 

Soon after this (in 1648) Sivaji plundered a royal convoy in the 
Konkany which led to his incurring the displeasure of the king of 
Rjaptir. It was vented however, not on him but on his father 
tUhji, who was h^ld responsible for Sivaji's misdeeds, thrown into 
|rison and informed that, if Sivaji did not submit, the entrance to 
fte prison would be walled up. As an earnest of this intention part 
us actually built up. Sivaji thereupon offered his services to the 
nperor Sh&h Jehan, who accepted them, appointed him a com- 
mnder of 5,000, and probably used his influence for Shahji's release, 



• Slphinatone, It., 4fi9^. t Grant DofT, I., 133. 

t Tkns did Bfvaji obtain po00e«sion of the tract between Chakan and the Kfra, and the 
■ttntr in which he established himself, watching and orouohinfir like the wily tiger of his 
ovftnKnmia^ rallejrs, nntil he had stolen into a situation from where he could at once 

r^ «pon liis prer, accounts both for the dilBenlty found in tracing his early rise, and 
iHoi^sldng rapidity with which he extended his power, when his progress had attracted 
^"^^ ud loi^r*' concealment was impossible. Grant Duff, I., 190. 
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whicl) soon followed. During four years Shah ji was kept a prisoned 
at large at Bijapur, but on his being sent back to the Karoatak ic^ 
1653, Sivaji was again at liberty to push on his ambitions schemes^ 
Sivaji now renewed his encroachments, procured the assassinatioiK. 
of a Hindd Rdja south of Puna and seized his territory. For tw(^ 
years he continued to extend his authority until Aurangzib was^ 
sent by Shah Jehdn to the Dakhan, in 1655. Aurangzib was- 
engaged in war with the king of Gk)lkonda, and Sivaji fancied he 
might venture to attack the territories of the Moghals. Finding he 
had made a mistake in this, and that the successes of Aurangzib 
were much more rapid than he expected, he endeavoured, when 
Aurangzib proceeded to attack Bijapur, to make terms with him by 
offering assistance.* Very soon the sickness of Shah Jehan 
recalled Aurangzib to Dehli and Sivaji was left exposed to the 
wrath of the Bijapur Government. An army, under a chief called 
Afzul Khdn was sent against him. It advanced to the neighbourhood 
of Part&bgarh, a hill fort 45 miles south-west of Puna, where Sivaji 
was residing, and threatened to overwhelm him, but Sivaji extricated 
himself from his difficulties with characteristic craftiness and 
address. He pretended to be overawed by the power and reputation 
of Afzul Khan, and sent a Brahman agent who persuaded Afzul 
Khdn that Sivaji only required to be assured in a personal interview 
of his own safety, and would then submit. An interview was 
arranged, and Afzul EZhan, who was attired in a thin muslin robe 
and carried only a straight sword, was murdered by Sivaji who had 
armed his left hand with a wdgnakhf which, when pretending to 
embrace the Khan, he struck into his bowels. Parlabgarh is situate 
in a country which is (or was at that day) very difficidt of access, 
and mach overgrown with wood. The murder of Afzul Kb4n was 
followed by an attack on his troops, who, taken by surprise, were 
easily slaughtered or dispersed, (October, 1659). During the 
following year, though shut up for some time in the fort of 
Panola (near Kolhapdr), Sivaji further extended his power so much 
that in the beginning of 1661 the king of Bijapur found it necessary 
to take the field in person. Sivaji was beaten and lost most of his 
possessions, but (the king being obliged in the next year to proceed 
to the Karn&tak) he recovered them all, and about the beginning of 

* Grant Doff, I., 161. 

t A wignakh is m sort of glore with sharp olawa of steel ; wig, a tiger ; nakh, a claw. 
** Tim." a novel by Meadows Tajlor, gives an interesting sketch of this period. 
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1663 a peace was arranged with Bijapdr tbroai^b the mediation of 
Us lather Sh&h jL Sivaji at this time removed his residence from 
B^'garh to a stronger fort called Raigarh, aboat 40 miles sonth- 
wert of Wna. 

At tbis time Sivaji's territory extended along the coast from 
^'T^q to (jh>a (about 250 miles), and included all the Eonkan along 
tliat length, and the Ghdt Mahta from the Bima to the Warda, a 
distance of over 150 miles. The greatest breadth was between 
Jinjira and Snpeh, where it was under 100 miles. 

1q this territory he was able, owing to his predatory habits, to 
nwintain a force which is stated at 50,000 infantry and 7,000 horse. 
He already possessed some ships, so that his robberies were not 
wnfined to land. Thus we see that by the age of 34 this extra- 
ordinary man had from very small beginnings actually raised himself 
to the position of an independent sovereign, though he as yet assumed 
no title. 

He now felt himself strong enough to act against the Moghals, and 
^h his horse ravaged the country near Aurangdbdd and Junnar. 
His territory was invaded and Pdna occupied, but the invasion 
^M repelled, the Moghal force retiring to Aurangdbad, while Sivaji 
^^ 4,000 horse set off for Surat. Though repulsed from the 
^^Ksh and Dutch factories he plundered the native city and 
^ffied off an immense booty. This was in 1664. 

••^t after this Shahji, who had greally extended his original 
P^'^ssions in the Dakhan, died, and Sivaji soon after assumed the 
**"eof Rija and began to coin money. Immediately after this he 
^'^ Again at war with Bijapiir, and by means of a fleet made an 
^^rsion into the territory of that state south of Goa. 

^^ 1665, a large force was sent by Aurangzib to reduce Sivaji 
to submission. It was under the command of Raja Jai Singh of 
Amber or Jaiptir, a general of great reputation. Sivaji, though bis 
^^5 of Singhar and Purandhar had not been taken, resolved to 
«nbtxiij; It does not appear whether he was moved to this resolution 
y ^he hopelessness of resistance, by superstition, by the hope of 
^'^^einnifying himself at the expense of Bijapdr, or by the advantage 
^"^^oh he expected to obtain from becoming a vassal of the emperor. 
'^ bate ver may have been his motive he came to teims with Jai 
fj^h, and agreed to give up 20 out of his 32 forts with the territory 
oeloiig^-jjg to them. He was to hold the remainder as a jagir from 
^^ o&iperor, and his son Sambaji (then 8 years old) was appointed 
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a commander of 5,000 in the imperial service. Bnt the m^^ 
important ooncesFiion which he obtained wae the gr^axt of a fourth, 
of the revenue Cjf certain diatricts belonging to Bijapiir with to 
privilege of collecting it himself. This was the origin of tti 
famous Mara'^hi claim for chauth, chauth meaning, in Sanscrit 
the fourth p^irt. Aarang2db agreed to these terms* on conditioi 
that Sivaji should accompany Jai Singh in his campaign againa 
Bijapur ^/nth 2,000 horse and 8,000 foot, and pay a peshkash (o 
instaJme^nt) of 40,000 pagodas (equal to about £80,000) to tb« 
emperor. 

-^^ter assisting Jai Singh in Bijaplir, Sivaji was invited bj 
A'firangzib to Dehli, and, having given offence by his behaviour ». 
Court, was placed under surveillance. He escaped with difficulty^ 
and made his way south in disguise, which he did not throw of 
until he was safe at Baigarh, in December, 1666. 

In the following year, things having gone badly with the Moghali 
in Bijapur, Sivaji was able to make a most advantageous peace 
with the emperor. He received back most of his former possessions 
and in addition a jigir in Berdr, which laid the foundation ol 
Mardthd power in that country. Moreover the emperor recognized 
his title of R4ja. 

The years 1668 and 1669 were spent by Sivaji in internal 
organisation and reform, and a very interesting account of his 
institutions is given by Captain Grant Duff.f 

Sivaji's power was originally founded on his infantry, which was 
of two classes called Mawalis and Hetkuris, the Mdwalis were 
natives of the Ghat Mahta, the Hetkaris of the Konkan. The arms 
of the infantry were a sword, shield, and match-lock. Some of the 
Hetkaris had fire-locks, having obtained flint-locks from the 
Portuguese. 

Every tenth man carried a bow and arrows, for night attacks and 
surprises. The Hetkaris were the best marksmen, while the 
Mdwalis excelled as swordsmen. There was a ndik (or corporal) 
over every ten men, a haw41ddr (Anglic^ havilddr) over every fifty 
an officer called a jumladar over every hundred. The commande~: 
of a thousand was styled Ek-hazdri, and there were also officers a 
five thousand. The chief commander of infantry was called 
senilpati (Anglic^ Sarnobat). 

• Ozmat DoiZ, L. SIO, qqoiM origioikl letter of Auaiigidb. t Onm( Puff, I., an. 
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»4 ^« cayalrj was of two kinds, known as Bargir and Silihdilr.* 
LTJ A Birgir is a man who is supplied with a borse by the state or bj 
a some individuals, while a SiUhddr is a man who provides a horse 
I! at his own expense, like the greater part of the Bengal cavalry at 
tlie present time. Consequently a SiUhdAr is considered a much 
more respectable person than a Bdrgir. Sivaji had a body of Bdrgirs, 
moanted entirely on horses provided by the state, and called P4gd. 
On these he placed great reliance, and with every body of ordinary 
Birgir or of Silahdar horse he mixed detachments of the Pdgd, to 
wt as spies, prevent embezzlement or treachery, and to overawe 
the discontented. 

The Mardthi, weapon was the spear,t in the use of which they 
^CTe very dexterous. The spearmen carried in addition a sword 
^ a shield, in case the spear should be broken. Part of their 
«we carried matchlocks which they must of course have dismounted 
tonse. Thus the Mardtbds possessed, according to old European 
nomenclature, both lancers and dragoons. 

Every 25 horsemen were under a havilddr, over 125 (say a 

■Qoadron) there was a jumladar, and every 5 jumlas (say 500 

effective) were commanded by a subadar. At the head of every 10 

^oas was an officer called Panch-hazdn. Everyone of these 

oiEcers, from the the jumladdr upwards, had one or more Brahman 

•**ountant8, and the " intelligence department" was largely repre- 

■^ted by a regular establishment of news-writers, with spies and 

^"^i^ to gain information. All plunder was the property of the 

***^ and had to be rigidly accounted for. 

•^he Dussera (Dusahra) festival of the Hindds, which falls at 
^® end of the monsoon, was observed by Sivaji with great pomp 
f^^ 'Was the time for a general muster and review of the troops 
"®foi^ taking the 6eld. At this time men, horses, arms, and equip- 
f*®^t were inspected, and an account exacted of any plunder which 
r*^ not been given up. Accounts were closed and settled, either 
^ ^^J^h or by orders on revenue officers, never by direct orders on 

*^ regard to plunder " the only exceptions were in favour of 
^"^ (the sacred animal), cultivators, and women ; " these were 
^**'" to be molested, " nor were any but rich Musalmans, or 



* Sil&h, arms, armoar, Arabic. Birgfr, Peraiao. 
t Grant Duff, (woodcut) III., 637.— Kit, Ac., I.. 226. 
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Hindds in their service who coald pay a ransom, to be m 
prisoners." No soldier was permitted to carry a female follo' 
with him in the field on pain of death.* 

Siyaji*s head manager, or prime minister, was a Brahman nan 
Moro Panth,t and was styled Peshwa. The same method i 
strictness that characterises his military arrangements appears 
have existed, theoretically at least, ^ in the fiscal and jndii 
departments, but the constant wars in which he was engaged < 
have left Sivaji but little time for the sapervision of civil affiftirs. 

When we compare all this order and system with what we kn 
of the generality of the native states, which were administe; 
under a sort of feudal system, the extraordinary rise and spread 
Sfvajl's power is to a certain extent accounted for. 

I have gone into the details of Sivaji's administration at a lenj 
which the time at my disposal would not justify, were it not t 
his system may be taken as a type of Mardth^ organization, i 
that by studying it in some detail we are enabled to understand 
rapid rise of other Mardthd chiefs to wide dominion at a later da 
since they doubtless followed, to some extent at least, the system 
their illustrious predecessor. We now revert to Sivaji's history. 

Tranquility did not long reign in the Dakhan. In 1670 Aurai 
zib sent an order to his lieutenants in the south to arrest Sivi 
who retaliated by seizing the strong forts of Singarh and Parandh 
The escalade of the former is described by Grant DufiF, and appes 
a daring feat worthy to be classed with Captain Popham's surpr 
of Gw41i4r. In October of the same year Sivaji was again at Su 
and aHacked the British factory, which made a successful defen 
After the plundering of Surat, Sivaji ravaged Khandesh, a 
exercised for the first time the power of collecting chauth, whi 
he had obtained from the emperor. This system of obtaini 
charters from the Emperor of Dehli, which were held (by th< 
interested) to be valid over all India, is one of which some of c 
early Governor-Generals well understood how to take advantage. 

The first field action against the Moghals was fought in 16! 
and gained by Moro Panth, Peshwa, who commanded the Marath 



• Omni Daff. I., 290. 

t Or Moreshwar Trimmal Pingli.— Grant Dofl*. I., 166 and 235. First Peahwa, Shan 
Panth, Grant Duff, I., 160. X Grant Duff, I., 2S4. 

§ B^., Lord OliTa when wishing to obtain the Northern Sark4rs. Grant Dnff. II., 19! 
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I do not propoee to follow the rest of Sivaji's career in much detail, 
ta it might be found tedious and would certainly take up more 
time than can be given to it. It must suffice to mention the 
Afferent steps of his further rise, and describe the extent of his 

flWHITnOlMI. 

In Jnne, 1674, he was crowned at Bdjgarh with the ceremonies of 
a Uoghal coronation, thus indicating that he threw off the 
merainty of the emperor. Part of this ceremony consisted in 
Mng -weighed with gold, about 10 stone of gold pagodas being 
rsquired. 

In 1675 he for the first time sent his troops across the Narbadda 
into Moghal territory, and at the end of 1676 made a great expedi- 
tion to the Eobmatak, for the purpose of recovering his father 
Shihji's j^tgir. This expedition ended successfully in a compromise 
vith his brother Yenkaji, who had held the j^ir since the death of 
Siihji. In 1679 we find him in alliance with the regent of Bijaptir 
against the Moghals, one of the conditions of the alliance being the 
eesaion to him of the sovereign rights over the j^girs of Shahji, 
thus making him the master de jure as he already was de fado. 
Sivaji died at Baigarh on 5th April, 1680, in his fifty-third year.* 

The possessions of Sivaji at the time of his deathf included the 
whole of the Konkan, except Goa, Chawal, Salsette, and Bassain, 
which belonged to the Portuguese ; Jinjira to the Abysinnians, and 
the English settlement on the Island of Bombay. He occupied the 
tract of Marashtra from the Harnkassi (Gokak) river, on the south, 
to Indi&rani, between Ptina and Junnar, on the north. He held, as 
we have seen, large jagirs in the Dakhan, a number of outlying 
possessions, and at the time of his death had in his treasury a sum 
of money which. Grant Duff says, after a large allowance for 
exaggeration, cannot have been less than several millions sterling. 
More than all he had introduced a system of Government, a senti- 
ment of nationality, and had set an example of zeal for the Hindd 
religion, which, in spite of the comparative feebleness of his 
successors, held the Marathd power together until it attained a 
development which made the nation for a long while supreme over 
the greater part of India. ;{ 



* Grant Dnff, I., 296. 

t Grant Duff, I., 299. 

% ElphiDStone, II., 610. Grant Doff, I., 300, 
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With the successors of Sivaji I do not propose to trouble yon in 
detail, but I hope that the tables* I have prepared, and a short 
description of the extent of the Mardtha power at particular epochs, 
will render the rest tolerably clear. 

The immediate successors of Sivaji, his sons Sambaji and B.4ja 
Bam, continued for twenty years, though in a comparatively feeble 
manner, the personal government of their father. The first was 
defeated and made prisoner by Aurangzib, who put him barbarously t 
to death. Raja Bam does not appear to bave been ever generally 
regarded as the rightful rdja, but as regent for his nephew Siv^i, 
better known as Saho, or Shao, a nickname given him by Aurangzib. 
After the death of Baja Bdm his infant son Sivaji was proclaimed, 
and his widow Tara Ba,i made regent. Some time later Shao was 
released by the Moghals, and a contest for power ensued which ended 
in the establishment of Shao on the musnad of Satdra, mainly by the 
aid of Bdlaji Wiswanath, who was consequently appointed Peshwa 
by Shao. Shao's weak character (partly due probably to his 
having been brought up a prisoner) led to the real power getting by 
degrees into the hands of the Peshwa. Shao became quite imbecile 
some years before his death, so that when that occurred in 1749 the 
then Peshwa, Baji Balaji Ba,o, had the power entirely in his own 
hands. I ought not to omit to mention that Baja Bam created a 
new office (in 1690) with the title of Prithi Nidhi, which took 
precedence of that of Peshwa, but though readers of Marathd 
history will find frequent mentions of the holder of this office, it 
need not be taken much account of in a short sketch like the present, 
since the holders never appear to have attained for any length of 
time to the real power enjoyed by the Peshwa. 

Betuming to Baji Balaji, Peshwa, we find that on the death of 
Shao in 1749, he produced a deed from that Baja which formally 
transferred all the powers of government to the Peshwa, while it 
reserved the title and dignities of Raja to the supposed grandsonj 
of Bdja Bdm, son of Sivaji II., whose name was Bam Baja. 
From this time till the then representative was released by the 
British Government in 1818, the Bajas of Satara were, with their 

* See Appendix I. 

t Grant Duff, I,, 301, eyes burnt out, then tonf ne cut out, then beheaded. Biija Rim's 

ministry. Grant Duff, I. 370. 

t Grant Duff and Elphinstone are of opposite opinions as to B&m Riga's le^timacy. 
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bmilies, practically prigonera in their capital. They were, however, 
treated with great yeneration and respect, and the great object o^ 
eTery contending Mardtha chief was to obtain grants (sannads) from 
the Baja, or the dress of honour investiture with which was the 
symbol of the conferring of an office. The Pesh was were invariably 
invested with their office in tbis way, and until they were so, did 
not receive recognition from their compatriots. This transfer of 
power from the Raja to his Peshwa reminds one of the position of 
the Capets as Mayors of the palace under the Merovignian dynasty ; 
or of the relative positions, which till lately existed in Japan, of the 
Mikado and Tycoon. 

Rising upon the rapid decay of the Moghal empire after the death 
of Anrangzib, and held together and controlled by the single hand of 
the Peshwa, the Mardtha power reached its greatest development in 
abont 1760. It is true that the collective possessions of the 
Harathds at the opening of the present century were as large, if not 
larger, than at that time, but they were no longer ruled by one 
man. " At the time of which we now speak their frontier extended 
on the north to the Indus and the Himalaya, on the south nearly to 
the extremity of the peninsula; all territority that was not their 
own paid tribute. The whole of this power was wielded by one 
hand; a settlement had been made with T4ra B4,i by which the person 
^ the RAja had been consigned to his nominal minister, and all pre- 
tensions of every description were centred in the Peshwa.*'* 

This great power was, however, destined to have but a short 

duration. In 1761 the Mardthas came in contact with the Afghans. 

^Wd Shah, Abdali, invaded India for the first time in 1759, 

defeated and killed Dataji Sindia and occupied Dehli. This led to 

® ^'^t efEort on the part of the Mardthas and the decisive battle 

^^rred at Panipat on 6th January 1761. It resulted in the total 

"weat of the Mardthds with enormous loss, the whole number of the 

^^ti amounting, it is said, lo near 200,000. The Peshwa (Bdji 

^'^i^ Bd,o) never recovered the shock, and soon after died. 

T^'^^xisions broke out after his death, and the power of the Peshwas, 

^oug-li the office continued for 60 years, never regained its vigour. 

^^ -Mardthd nation ceased to exist as a political unit, and there 

^®^ on the decay of the central power a number of independent 
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Mardth4 chiefs who, though they played (as some of their repr^ 
sentatives still do) an important part in the history of India, ye 
none of them ever reached the position of Sivaji or of the earl^ 
Peshwas. 

The four most important chiefs were : — 

1. The Rdja of Ndgpur or Berar. Sometimes called " th^ 
Bhonsla.'* 

2. Sindia. 

3. Holkar.* 

4. The Gdekwar.t 

The Nagpdr State was the earliest of these, being founded by 
Parsaji Bhonsla, a Silahdar who rose to be administrator of Berar 
under Kdja Rdm in 169G. Sindia, Holkar and the Gdekwar rose 
later to power; the first chief of each name having served in 
th^ Maratha armies under Bdji Bd,o Ballal, Peshwa. 

The Rajas of Nagpur ceased (by the extinction of the family) in 
1863, but the other three, as you are aware, are still represented by 
the Chiefs of Gw41iar, Indtir and Baroda, and His Highness Jaioji 
B4,o Sindia of Gwdlidr holds a commission as the senior General 
in Her Majesty's Service. 

The aggrandisement of Sindia and Holkar had been very rapid 
about 1750, owing to the necessity the Peshwa, Baji Bilaji Ba,o, 
was under of conciliating supporters after his cowp d'etat, and the 
two received a grant of nearly the whole of Malwa,J the revenue, 
150 lakhs of rupees (£1,500,000), being divided between them; 
Sindia getting somewhat the larger shar^. Rugoji Bhonsla 
received at the same time new sannads (or grants) for Berar and 
Bengal. Ndgpur became the capital of Berar, Sindia and Holkar 
fixed their governments atCjain and Indur respectively (places which 
are not more than 30 miles apart), while the Gdekwdr appears to 
have made Ahmaddbad his capital. 

The most brilliant of the Sindias was Mddhoji, who succeeded 
to the j4girs of his father Rdnoji in 1759, two years before the 
battle of Pdnipat. War was waged between the Marathas and 
the British from 1778 to 1781, the Gdekwdr being an ally of the 
British, and Mddhoji Sindia their most prominent opponent. 
This war was marked by the shameful convention of Warg^n, 
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concluded with Sindia by a Field Committee. The Bombay 

Qoveniment, being jealous of their military commander, had 

•dopted the notable plan of sending two members of council into 

the field with him, the natural result being disaster; thongh it must 

he owned the commander, Colonel Egerton, appears to have been 

fiuigularly incompetent. On the other hand it was marked by the 

^nlJiant surprise of the Fort of Gwaliar (on 4th August, 1780) 

^uider Captain Popham, and by a march across Central India under 

Colonel Goddard, (with only 5000 men) worthy of all praise, and 

'remarkable as the first occasion of direct combination between the 

forces of Bengal and Bombay.* 

The war was terminated by the treaty of S41bdi in May, 1781, 
*oxne of the provisions of which were directed against Haidar Ali of 
-'**^^, who had made himself master of the Marath^ country 
■outh of the Krishna (or Kistnah), and became by his alliance with 
^he Prenchf an object of dread to the British. 

Baidar Ali had shortly before this endeavoured to form a con- 
'oderacy against the British of all the Mardtha chiefs and the 
•^i*Am. 

** The Nizam," as he is called by the English, was originally the 

^^badAr (or Viceroy) of the Dakhan under the Moghal emperors 

P^ Dehli. The whole of the territory of the Moghals was divided 

*~*^'to a number of provinces, each called a Sdba. The way in which 

liave come to call the Subadar of the Dakhan ''the Nizam'' 

this. In 1712 a man called Mir Elammar-ud-Din (son of Ghazi- 

^<i*Din a fakvourite oflBcer of Aurangzib) was appointed' by 

-^xirangzib to the Subadari of the Dakhan. This Mir Kammar- 

^^-Din, received from Aurangzib the title of Chain Kulich Khan, 

^^^ later from the emperor Farukh-Sir that of Nizam-ul-Mulkh, 

^h-ich means lord or chief of the country. In addition to these 

^e assumed himself a title of Asuf Jah, and as he is named in- 

^ififerently in history by any one of the former names, as well as by 

"^ tiitle of Subadar of the Dakhan, it is slightly perplexing at first. 

This Chain Kulich Khan assumed independence on the downfall of 

tbe monarchy of Dehli, and died in 1749 at the age of 103. His 
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descendants have retained the succession, and he is represented at 
the present time by the chief of Haidardbad, whom we call the 
Nizdm. 

Nizdm Ali, StibadAr of the Dakhan (son of Mir Kammar-nd-Din), 
was a great rival of the Peshwa, Bdji Bdla ji Rd,o. Being the head 
of a Mnsalmin power nearly surrounded by Madltha states, an 
alliance with him was naturally courted by the British, when anxious 
to curb the power of the Mardthas. 

It was not long after the treaty of Salbdi before Madhoji Sindia 
began to push his schemes for re-establishing Marathd supremacy 
in Hindtistan. In 1784 he recovered the fortress of Gwalidr, which the 
English had made over to their ally the Rdja of Gohad,and in October 
of the same year he was invited (ostensibly) by the Emperor, 
Shdh Alam* to meet him at Agra. The invitation came in reality 
from Afrasiab KMn, Amir ul Umara, who was struggling for supremo 
power with a rival. Almost immediately afterwards, Afrasiab Kh4n 
was assassinated, and Sindia became the real minister. He declined 
the title of Amir ul Umara, but sagaciously obtained for the Peshwa 
that of Wakil-i-Mutlak,t and got himself appointed deputy. The 
Emperor conferred on him the command of his army, and assigned 
to him the provinces of Agra and Dehli, on consideration of an 
allowance of 65,000 rupees monthly. By this transaction the 
Emperor became in fact a pensioner of Sindia (as he later was of 
the Company), and Sindia acquired the territory stretching from 
Agra to Liidiana, which you see included in his dominions in Plate II. 

Not long afler this, Sindia had the audacity to raise a claim for 
chauth against the British in Bengal, and although he soon with- 
drew it, this led to a rapprochement between the British and 
Mtidaji Bhonsla Eaja of Ndgpur. 

Soon after the treaty of Salbdi, Sindia raised a body of regular 
troops under M. Benoit de Boigne,J a Savoyard count who had 
served in the service of France in the famous Irish Brigade. De 
Boigne began by raising two battalions of 850 men, which by de- 
grees were officered for the most part by Europeans of various 
nations. Thus was formed the nucleus of the force against which 
General Lake had to contend in 1803. 



• Blinded by GboUan Khadir, Grant DufF. III., 30. 
t Wakfl-i-Mutlak, Plenipotentiary, Vico-Begont with tall povron, 
X Grant Dnff, n., 466, note. 
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In 1790 this force was further developed.* The infantry was 
wigmented, first to two and later to three brigades ; each brigade 
containing 8 battalions of 700 men. Each brigade had 500 horse, 
and each battalion five guns. Thus the force of a brigade was about 
2800 infantry, 500 horse, 25 guns. Sindia's guns were cast for 
him by Mr Sangster, a Scotchman, who had been in the service of 
the Bana of Gohad. The infantry carried match-locks and bayonets, 
*nd the officers were many of them British, and very respectable by 
hirth and education. 

I^tep, about 1792, De Boigne's force was further augmented to 
18,000 regular infantry, 6,000 irregulars,t 2,000 irregular horse, 
and 600 Persian cavalry. The fort of Agra was made a depot for 
puw and small arms. 

About this time Holkar, too, began to establish regular infantry, 
*>id raised 4 battalions under the command of a Frenchman, the 
Chevalier Dudrenec. 

^Kdhaji Sindia died in 1794, and was succeeded by his great- 
nephew Daulat Ra,o Sindia, who was our opponent in 1803. 

"Hie power of the Marathas in 1794, if we were to look only to the 

®^nt of their territory, to the amount of their revenues, and to the 

number of their troops, would be found equal or even superior to 

*hatin 1760. But the causes which excited them to conquest no 

h»iger existed, nor was there any one chief with sufficient authority 

^nnite them.| A temporary union was brought about, however, 

hy claims upon Nizdm Ali, from the settlement of which all the 

^"^thi, chiefs hoped to profit. The English, under Sir John 

chore's Governor- Generalship, held aloof, Nizdm Ali followed the 

example of Sindia and Holkar, and set on foot a disciplined force of 

^ battalions under a French officer, M. Raymond, and in Jan., 1795, 

^r ensued between Nizam Ali and the Marithd confederacy. An 

decisive battle took place at Kurdla (about 60 miles south-east of 

'^"'^i^dnagar), but the Moghal army dispersed from a panic in the 

^*^ti, and Nizdm Ali was forced to make terms. This led to great 

^^ions of territory and large payments of arrears and indemnities 

h i^izAm AH. 

^t naxist not be supposed that British politics in India were at 
^aat day, any more than they are at the present time, wholly 
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independent of and distinct from European. In those days it was. 
France which was what our German friends call an important 
" factor " in Indian politics. France still held the Mauritius, and 
Pondicheri was a far more important place than at the present day, 
and the French Republic had sent envoys to Seringapatdm and con- 
cluded an alliance with " Citoyen " Tippu. When Lord Momington 
(afterwards and better known as Marquess Wellesley) arrived in 
India, in May, 1798, his first measures had been directed to the 
abatement of French influence. His views were what in the 
political slang of the present day would be called " imperial," and 
the change on his succeeding Sir John Shore was not unlike that 
which recently occurred when Lord Lytton succeeded the Earl of 
Northbrook. The first care of the new Governor- General was to 
negociate with the Court of Haidardbdd, and the Nizdm agreed to 
receive a corps of subsidized British troops numbering 6,000 men, 
with a proper complement of artillery ; to disband his French troops* 
numbering 14,000 men ; and to assign 24 lakhs of rupees a year, for 
the support of the British contingent.* 

This successful stroke of diplomacy was immediately followed by 
a campaign against Tippu Sultdn of Maisur. Seringapatam was 
taken in May, 1799, by General (afterwards Lord) Harris, the Sultan 
being killed in the storm. This event consolidated British power 
in the South, and enabled the British authorities to assume, towards 
the Mardthds and the Nizam, a position which they had never before 
been able to venture on. Meanwhile Lord Mornington had en- 
deavoured, in 1798, to make with the Peshwa an alliance similar to 
that with the Nizdm, but was unsuccessfal. Nor did his efforts 
meet with any better success at the Court of Ndgptir. 

The Freuch invasion of Egypt which took place in 1798, had 
caused the home authorities, in alarm for their Indian possessions, 
to approve of the war against Tippu as an ally of the French 
Republic. In 1800, General Baird, who had borne a leading part 
in the capture of Seringapatam, was sent to Egypt with a force of 
4,000 Europeans and 6,000 Sepoys to co-operate with General Sir 
John Hutchinson (Sir R. Abercromby's successor) against the 
French. The report of his approach aided Sir J. Hutchinson in^ 
concluding an arrangement for the capitulation of the French armj^ 
under General Hoche. 

* Marahman, II., 78 ; or, Qrent Duflf, III., 179. 



57 

Although the Peshwa B&ji B4,o Bugon^th refused in 1798 to come 
fto terms with the Gk)yemor General, it was not long before he saw 
reason to change his views. In March, 1800, died N&na Famavis* 
who iiad long been the moving spirit in the Mardth& government, 
tod liad supported the Peshwa*s authority against the growing 
tpumj of Sindia. The Peshwa was for a time relieved by the 
nse of Ja6^v;ant Bd,o Holkar which led to a war in M41wa, between 
Holkar and Sindia, in which the rival capitals of tJ'jain and Inddr 
were sacked in their turn. Hplkar in 1802 moved on Puna, intending 
either to capture the Peshwa and make use of his authority, or 
perhaps to avenge on Baji Bd,o the barbarous murder of his father 
^toji. On 25th October, 1802, a great battle, in which no less 
than 84,000 men are said to have been engaged, was fought under 
tiie walls of Pdnaf and resulted in the total defeat of Sindia, with 
the loss of all his baggage, stores and ammunition. 

The Peshwa (who was greatly wanting in personal courage) fled 
arty ia the day, and sent a message to Colonel Close, the Governor- 
General's Agent, agreeing to all the terms he had previously 
vdiised, and binding himself to subsidize 6 battalions of Sepoys, and 
to cede revenue to the amount of 25 lakhs of rupees for their 
npport. He not long after took refuge at Bassain where, on the 
Slst December 1802$, was concluded the treaty of Bassain by which 
the Peshwa sacrificed his independence in return for the protection 
of the British. 

This treaty is one of the most important ever concluded in India. 
It declared itself to be "for the purpose of general defensive alliance 
>od reciprocal protection of the territories of the Peshwa and the 
Company." A subsidiary force of not less than 6,000 regular 
infimtry, with artillery and European artillerymen, was to be main- 
tained in the Peshwa's dominions. The Peshwa undertook not to 
have in his service any European of a nation hostile to the English, 

• provision aimed directly against the French. Districts yielding 

* revenue of 26 lakhs of rupees were ceded for the support of the 
t'oopB the Peshwa ; relinquished his claims on Surat, and agreed to 
anbmit to British arbitration his difference with the Nizdm and the 
"^ckwAr. Further, he was neither to engage in hostilities, nor 
•^ to enter into any negotiations, with any other power without 
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the conomrence of (he BritMih Govemmont. Biji Ed,o I 
sooner conctaded the treaty than he began to intrigue with 
and the Bhonsla to render it nugatory. No efforts of hi 
needed, however, to render both of these chiefs intonsely hot 
the treaty. They could not fail to perceive that it stmck 
very root of Harithi power, aud they soon formed a lea: 
oppose it. The Bitja of N&gpur did ali he could to induce 
to lay aside bis hostility to Sindia and join the league, bnt 
with characteristic perfidy, thongh he pretended to do i 
obtained important ceseions ae the price of his consent, ni 
left the confederates without bis support, but also availed 1 
of the embarrasBmeute of his rival to plunder Sindia's territo 
The Qovernor-Oeneral lost no time in fullfilljng bis enga^ 
to replace the Peshwa on his mesnad at Puna. How tb 
done I will endeavour to shew in my next lecture. 

CaUPAION AOAIHST SiNDU 1»D THE BiJA OF NaOpOr. 

Before proceeding to describe the measures taken by the Go 
General to fulfil bis eng^ement with the Peshwa, let us 
examine the force which could be arrayed on either side. 

According to a statement for which I am indebted to ( 
T. E. Wilson, C.B., Military Secretary at the India Offii 
regular forces of the throe Presidencies on 30th April, 1S03 
as follows : — 
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In addition to theso there were a few battalions of garrison troops 
ttdimgakrs. 

The BtreDgth of the native cavalry regiments was abont 450 
nlves, that of the Bengal battalions of native infantry 800 bayonets, 
whOe those of the other two presidencies averaged rather more, 
lb Bengal Artillery battalions had 7 companies each. There do 
not appear to have been any field batteries regularly organised, and 
cailj an " experimental " troop of Horse Artillery in Bengal, com- 
aanded by Capt. Clement Brown. 

Hie King's Cavalry Begiments (all Light Dragoons), averaged 
aomething under 500 sabres, and the Infantry battalions somewhat 
vnder 800 men. 

The Native Infantry regiments had each two battalions, but thoy 
were worked by battalions, not by regiments. 
Thus the regular forces of the three Presidencies made up about ; 
British Cavahy, 6 x 480 = 2,880. 

„ Infantry, 16 x 800 + 3 X 700 = 14,500. 
Native Cavahy, 13 x 450 = 5,850. 

„ Infantry, 97 x 840 = 81,480. 

or a total of 104,710 cavalry and infantry, with 2,400 artillerymen. 
Of this total about 60,000 were made available for field service 
after deducting garrisons, <bc. 

It is not possible to ascertain with any approach to accuracy 
what the forces of the confederates were. A tabular statement is 
given by Major Thorn, which he says was considered accurate, of 
Siodia's organised force under the French officers, which shows 
72 battalions, numbering 89,000 men, with 4,600 irregulars attached 
to the battalions, apparently as skirmishers, and 464 guns. The 
field guns, as was ascertained when most of them were captured 
by the British, were not greatly inferior to our own. In one of 
Major-Grenerai Wellesley's letters, he says he found them good, 
and was able to make use of them, which he could never do with 
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We mast now go b&ok a little in order to complete t 
events prior to the opening of the campaign in 1803. 

In 1802, in consequence of the difltnrbancea in the Marathi 
torj, and with a view to the eventual establishment of a enbHi 
force at Ptlna, a considerable portion of the Anuy of the M 
Presidency had been collected, by order of the second Lord I 
Governor of Madras, at Harihar. on the Tangftbhadro (Tambo 
and a retnm of 29th November, 1802, shows this force to have 
jast over 20,000 men with 70 guns. Harihar is on the north 
frontier of Hais&r, and on the old main road from Madras to 1 
whichf as I have already been pointed oat, sweeps roand b; 
-west to avoid the great rivers. At the same time that Lord 
took this step, in anticipation of the Governor- Qeneral's appi 
the Governor of Bombay, Mr. Donoan, prepared his force to 
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and the subsidiary force at Haidar&bad was, at the request 
.-Col. Close, Resident at Ptina, also held in readiness for 
rations. 

L therefore, at the beginning of 1803, the necessity for 
a force on Ptina to carry ont the engagements of the 
if Bassain arose, the actual dispositions was perfectly suited 
)ject in view. 

bmary, the Governor-General directed Lord Clive to send 
need detachment from Harihar to Miraj, or any other 
where the Peshwa could join it, and Lord Clive requested 
eneral Sir J. Stuart (the Commander in Chief) to send 

than 7,000 men forward under the command of Major- 

the Hon. A. Wellesley, who was then administering the 
aent of Maistir. Sir J. Stuart placed an advanced division 
3 men under Major-General Wellesley's command, and on 
ch General Wellesley left Harihar, and reached Miraj on 
ith April. When in camp on 19th April, 4^ miles from 
B learned that Holkar's General, Amrit Rd,o, who was in 
^n of Puna, intended to burn the city on the approach of the 
He therefore marched with his cavalry in the night, and 

early on the 20th at Piina, saved the city, Amrit Rd,o 
g" off precipitately. 

-General Wellesley, after restoring the Peshwa to his seat 
, marched again on 4th June, and on 15th reached Agar, a 
(tance from Ahmadnagar, then a fortress belonging to Sindia. 
al Stuart had shortly before moved into the coantry between 
hna and Tangabhadro, and encamped at Mtidgal. The force 
ig with General Stuart was somewhat under 8,000 men. 
3 detailing the disposition of the other parts of the British 
the opening of the campaign of 1803, it will be advisable to 
the plan of operations framed by the Commander-in-Chief, 
tunication with the Governor- General.* 
)se days the actual Head Quarters of the Bengal Army were 
piir,t and there the Commander-in-Chief was residing in 
weather of 1803, the Governor-General being at Calcutta. 
76 correspondence was carried on between them, and on the 



ndebted to Colonel Allen Johnson, O.B., Militarv Secretary to the QoTemment of 
a copy of General Lake's plan of campaign, which is in the records a( Calcutta, 

t Calcutta was nominally Army Head Qnarters. 
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We mnst now go back a little in order to c 
erente prior to the opening of the campaign in 1803. 

In 1802, in conseqnence of the difttnrbanceB in the Marath 
tor^, and with a view to the eventiml establishment of a brI 
force at Pfina, a considerable portion of the Army of the ] 
Presidency had been collected, by order of the second Lord 
Governor of Madras, at Harihar, on the Tangabhadro (Tumi 
and a return of 29th November, 1802, shows this force to hai 
jnst over 20,000 men with 70 gnns. Harihar is on the norl 
frontier of Maisiir, and on the old main road from Madras to 
Vhich, as I have already been pointed oat, sweeps roand 
weet to avoid the great rivers. At the same time that Lon 
took this Btep, in anticipation of the Governor- General's ap 
the Governor of Bombay, Mr. Duncan, prepared his force t 
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ibe field, and the subsidiary force at Haidardbad was, at the request 
i d Lient-Col. Close, Resident at Ptina, also held in readiness for 
fidd operations. 

When therefore, at the beginning of 1803, the necessity for 
moving a force on Ptina to carry out the engagements of the 
Treaty of Bassain arose, the actual dispositions was perfectly suited 
io ihe object in view. 

In Febroary, the Governor- General directed Lord Clive to send 
tn adianced detachment from Harihar to Miraj, or any other 
Mode where the Peshwa conld join it, and Lord Clive requested 
laeni.General Sir J. Stnart (the Commander in Chief) to send 
Bot less than 7,000 men forward under the command of Major- 
Oeneral the Hon. A. Wellesley, who was then administering the 
QOTermnent of Maisur. Sir J. Stuart placed an advanced division 
rf 10,000 men under Major- General Wellesley *s command, and on 
9kh March General Wellesley left Harihar, and reached Miraj on 
W or 4th April. When in camp on 19th April, 40 miles from 
P^ he learned that Holkar's General, Amrit ^4,0, who was in 
possession of Pdna, intended to burn the city on the approach of the 
British. Ho therefore marched with his cavalry in the night, and 
tfriying early on the 20th at Piina, saved the city, Amrit Eid,o 
Diarcliing off precipitately. 

Major-General Wellesley, after restoring the Peshwa to his seat 
^ Ptina, marched again on 4th June, and on 15th reached Agar, a 
ibort distance from Ahmadnagar, then a fortress belonging to Sindia. 

General Stuart had shortly before moved into the coantry between 
^ Krishna and Tangabhadro, and encamped at Mtidgal. The force 
Wmaining with General Stuart was somewhat under 8,000 men. 

Before detailing the disposition of the other parts of the British 
wee at the opening of the campaign of 1803, it will be advisable to 
*Krihe the plan of operations framed by the Commander-in-Chief, 
m communication with the Governor-General.* 

In those days the actual Head Quarters of the Bengal Army were 
•*K4nhp1ir,t and there the Commander-in-Chief was residing in 
fe liot weather of 1803, the Govern or- General being at Calcutta. 
«n active correspondence was carried on between them, and on the 



jlim indebted to Colonel AUen JohnBon, G.B., Military Secretary to the QoTemmetit of 
^"""("Vaoopy of General Lake's plan of campaign, which is in the records at Calcutta, 

t Calcutta was nominally Army Head Qnarters. 
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28ih Jxine tho Govemor-Oeneral wrote to General Lake, and 
scribed the object of operations in the event of war with Sindia, 
being four in number, viz. : 

Ist To seize all his possessions between the Ganges and Jai 

2nd. To take the person of the Moghal Sh4h Alam under 
protection. 

3rd. To form alliances with the Rajputs, and other inferior si 
beyond the Jamna, for the purpose of excluding Sindia from 
northern districts of Hindustan. 

4th. To occupy Bandclkhand, and thus strengthen the frontic 
the province of Banaras against Sindia or the B>dja of Berar. 

At the same time, the 27th June, the Governor-General wrot 
Major-General Wellesley directing him to obtain a final answe 
to peace or war from Sindia and the Raja of Ber4r, and infor 
him of the arrangements which should be made with Sindia, in 
event of the wap not leading to the entire reduction of his po' 
In addition to the objects to be pursued in Northern India, as 
mentioned, these included the cession of Bharuch, then a seapoi 
Sindia's, and all his maritime possessions, his rights in Giijarat, 
all his possessions south of tho Narbadda. The last mentioned \ 
to be divided between the Peshwa and the Niz4m, some part t< 
exchanged with the Peshwa for his territory in Bundelkhand. 

From the Raja of Berdr was to be obtained the cession of Ka 
either absolutely or on payment, in order to give the British 
whole coast of the Bay of Bengal. This, together with the sei: 
of Gujarat, would place the whole of the littoral provinces 
British hands, and shut the door to the much dreaded intercoi 
with the French. 

Major-General Wellesley had full powers to treat for peaci 
course with a view to the fact that both Sindia and the Bho 
were in the Dakhan, and would probably be opposed to him in 
son. In the event of Sir J. Stoart taking the fieid in person 
was to assume the powers entrusted to General Wellesley. 

General Lake was likewise invested with full political powers, 
with reference to military details, the Governor- General, well 

• Authorities : — 

1. Govemor-Gcmeral to Commander-in- 4. Govemor-Goneral's additional ; 
Chief, Bengal Papers, 28th Juno, 1803, t». 1 M. 23rd July, MSB. 

2. Commander-in-Chief to Governor-Gtene- 5. Commander-in-Chief in reply t 
ral, (abont 8th) July, MSS. didonal notes about aoth July, M8S., 

3. QoTonu>r-Geneml'8 renuirka, IStb Joly, 7th Aagaat, when ho took the field). 
MSB. 
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deretandiDg the principle that every man shonld do his own work, 
expb'dtly stated that he purposely avoided interference in all ques- 
tions as to the strength of the main army or the different oonstitaent 
I parts, while he promised to His Excellency the most effectual sup- 

Acting upon these general instructions, the Commander-in-Chief 
made his plan for attacking in the first place " the French State " 
in the Doab. I have already mentioned De Boigne as having 
fbnned a large disciplined force for Sindia. Count de Boigne re- 
tiwd to Europe in 1796, and was succeeded by M. Perron, a French- 
nuui who, assisted by a number of his compatriots, exercised an 
anthority at Dehli which, though really in subordination to Sindia, 
aRKiared almost independent. 

In the first instance the Governor- General had been inclined to 
open the campaign by attacking Agra, and had feared that 
U. Perron would abandon the Dodb and, retiring across the Jamna, 
I cany on a war of posts. Moreover he was greatly apprehensive 
\ ihi the Mardthas might follow their old game and enter Hindustan 
i ^th a mass of marauding horsemen, and, with a view to preventing 
1 wis, was somewhat in favour of an early occupation of Gwdlidr. 
\ General Lake pointed out that it would be impossible for M. Perron 
^ Abandon the Doab, because if he did so he would lose his 
pnncipal magazines, and the means of paying his army, and further 
that his retreat would prove his inferiority, and lead to the defection 
^Ug Sikh and other allies. Also that during the rains it was 
"®cult, if not impossible, for Perron or the Marathas to cross the 
•*nuia, and further that to attack Gwdliar would compel Ambaji 
^lia and his brother Kandraji, who held it and other forts in that 
<5onntry, to take an active part against the British ; while it was 
^^ impossible that if left to themselves they would remain quiet, 
owing to their being on ill terms with Sindia and his minister 
^»dn R4,o. 

o^ng the force of the Commander-in-Chief's reasoning, the 
^▼ernor-General wrote on the 18th Julj?, ** I am now convinced 
tnat the primary object of the campaign ought to be the defeat of 
t^erron'g regular corpp," and the Commander-in-Chief, assured of 
^"6 confidence and support of Lord Wellesloy, lost no time in pro- 
^^^iig to carry his plans into execution. 

* Bengal Papers, 161. 
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To carry out the extensive programme of the Govemor-C 
troops were assembled, besides the army of the Communder-i 
at K&nhptir, and that of Sir J. Stnart at Harihar : ^ 

a. At Allahabad nnder Lient.-Colonel Powell, to ope 
Bnndelkhand, about 3500 men. ^ 

h. At Mirzaptir, a corps of observation under Major-( 
Deare, about 2000 men. ^ 

c. At Fort William under Lieut.-Gol. Harcourt, for the 
of Katak, about 5,000 men and 8 guns. ^ 

d. At Baroda under Lieut.-Gol. Woodington, for the sei 
Otijardt, about 4200 men. ^ 

Greneral Lake*s arrangements were as follows : 

The main army was assembled at K4nhptir. It consisted 
brigades of infantry, and three of cavalry (see order of battle 
71 guns. It was to move nnder the personal command 
Excellency. All the infantry brigades had three battalic 
first and second having half a battalion more. The only E 
infantry regiment was the King's 76th. The first and 
cavalry brigades had one European and two native regimei 
third only one of each. The King's regiments were the 8t 
Dragoons (now Hussars) and the 27th and 29th Light Di 
Each battalion had two six-pounders attached to it, and each 
regiment two galloper guns, as they were called. They 
to have been mostly three-pounders ; besides these there we 
or four pieces of artillery, (12-pounder8, 6-pounders, and i 
howitzers) attached to each brigade of infantry. 

The second iDfantry brigade, and the 6th Native Cavalry i 
at Kdnhplir, however : they were cantoned at Antipshahar 
Oanges to watch the frontier, but, as no invasion was appr< 
during the rains, were to be drawn towards the army on its i 
The 8th Light Dragoons were not yet ready to march, having 
arrived from the Cape, and being busy with remounts at K&d 

Greneral Lake marched from Kdnhpur on 7th August, 
the following day. Major- Greneral Wellesley opened the cam 
the Dakhan by attacking Ahmadnagar ; capturing the town 
day, and obtaining possession of the fort by capitulation ( 

I Bengal Papers, p. 907.. * Bengal Papers, p. 238. * Idem, p, 238. «SeeTll 

Bengal Papers, p. 244. * Thorn, p. 71. 

• pwe rv. 
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fi IB not my intention to follow the campaign of General Wellesley 
in detail, but only to give its chief features as they acted upon the 
g^eneral combined plan. 

Oeneral Lake crossed the frontier near the town of Koel on 29th 
Aogost, and immediately attacked a large body of MadlthiL Horse, 
which he found drawn np near the fort of Aligrah, and numbering, 
ik wag supposed, nearly 16,000 of all sorts. The fort of Aligrah 
V ^ miles north of Koel, and has given its name to the present 
dTil station (formerly a cantonment) and station of the East Indian 
^Oway. General Lake determined to attack with his cavalry, and 
to turn the enemy's left. Their front was covered by a swamp, and 
their right supported by the fort. General Lake, as was his wont, 
U the attack in person, and the imposing aspect of the British 
^^aliy was such that the enemy did not wait for the collision but 
^hoidoDed the field. The moral effect of this affair seems to have 
hen very great, though the Commander-in-Chief did not succeed 
Qt bringing on a general action. 

The next thing to be done was to capture the fort, and this ap- 
fetred a formidable undertaking. The fort is of a rectangular plan, 
nd had at that time circular bastions.* The rampart was covered 
ly a fausse-brai with a wide terreplein, and was surrounded by a 
ditch over 100 feet wide, and with 10 feet of water in it. It was 
anned with 99 guns of various calibres, and 180 wall-pieces, and 
WIS well supplied with ammunition. 

It is situated on a perfectly open and level plain which at that time 
ttf year was, in those days, so much inundated that regular siege 
operations could scarcely have been carried on. The General there- 
fore determined on a coup de nuivn, a determination in which he was, 
10 doubt, influenced by an offer from Mr. Lucan (who had just do- 
mied from the enemy) to point out the way into the fortress. 

It was decided to make an attempt at 4.30 a.m. on the 4th Sep- 
tember, and a force consisting of 4 companies of the 76th, 1| 
hjKttalions of Native Infantry, with another battalion of N.I. in 
Apport, was told off for the duty. Lieut.-Col. the Hon. W. Monson, 
if the 76th Begiment was in command. To cover the attack, two 
tutteries of four 18-pounders each were placed in position during 
the night.f 

* It haa since been modified ; see plan in Thorn. 

t One of these battorios was at Qeneral Perron's house (which is still standing), the other 
■iafilUage to the uaMt ot it. 
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The aasanlt was delivered at the time fixed and, after a seyere 
atrngi^le which laated nearly an hour, the fort was captured with $ 
loss of 6 European and 6 Native OfBcers, and 43 men killed, and 
180 of all Tmks wounded. The entrance was forced through a 
winding passage, about 500 yards long, oonunanded for the most 
part by musketry, and delay was caused by the necessity of bring- 
ing up first a 6-pounder, and then a 12-po under, to blow open one 
of the gates. This gate resisted the attempt, but Major McLeod of 
the 7(>th forced his way in through the wicket, and led the men on 
the ramparts. The enemy's loss was great, at least 2,000 killed, 
many of whom w«re drowned in attempting to escape and others, 
refusing to surrender, were cut up by the cavalry outside. Oen. 
Wellesley said, " I think that Gen. Lake's capture of Aligarh, 
is one of the most extraordinary feats that I have heard of in this 
country."* 

While these events were passing before Aligarh, the British line 
of communications had been attacked on 2nd Sept., at Shikohibidp 
by a large body of Mar&thi horse under M. Fleury. 

The attack on 2nd was beaten oft but was renewed on 4rth with 
more snooess, the garrison being forced to retire under a convention. 
A brigade of cavalry detached from Aligarh arrived too late to do 
more than drive the enemy back across the Jamna. 

On 7th September (General Lake renewed his march, leaving a 
battalion of N.I. to garrison Aligarh, which now formed a valuable 
link in his line of communications, and a pivot for further opera- 
tions. His troops seem, however, to have carried with them an 
enormous amount of supplies, and to have been to a great extent 
independent. I will revert to this subject by-and-bye. 

On the 11th September the army crossed the Hindan Biver, and 
had, after a march of 78 miles, scarcely settled into camp about 
noon, near the villGige of Oejuhf (about a mile beyond the 
river), when the enemy appeared in force. Oeneral Lake imrne* 
diately proceeded with the cavalry brigade^ to reconnoitre. Ha 
found the enemy (16 battalions of regular infantry, 6,000 cavalry, 
and a large train of artillery under M. Louis Bourquen) strong^ 
posted between two villages,} with his flanks each covered by a 
swamp. The front was intrenched and garnished with artilleiry} 

* Wellington Despatches, I., 416. f Or Ghejapor. 

t Only 8 Beffiments present : 27th Dmgoons, 2nd and Srd Native CaTalxy. 

§ Probably Snddurpfir and Agahptir. 
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«nd WW ooDcealed by grass jnngle. Orders were instantly sent for 
tte infantry and artillery to come np, and meanwhile the cavalry 
ivznaiiied in front of the enemy, suffering considerable loss in men 
^od horses. 

Ixk this battle General Lake did not attempt any extended 
iMWia&Tivring, but the details of it are interesting, as shewing the 
bions then used. 

army still followed the tactics of Frederick, It encamped 
in orxier of battle, and preserved the same general formation on the 
mBTCb., Plaie IV. shows "the order of battle^ march and encampment 
of tbe army," and, allowing for detachments, also represents the 
letociJ order of battle on 11th September, except that the post of 
]i0iiOiaT on the right was given to the King's 76th Regt. 

Til.© line fell-in in front of the camp (which was left standing), 

asid each battalion moved to the front in column of grand divisions, 

(wl^ol were much the same as what we now call double companies). 

In ihis order, the force, consisting of eight battalions only, advanced 

l))oaii two miles until it came up with the cavalry. The General 

^irbo in the mean time had had his horse shot under him) deter- 

S00ed to retire the cavalry with a view to drawing the enemy from 

loB atarong intrenched position. 

When, therefore, the infantry were near enough he ordered the 
erralry to retire, which it did in perfect order until the infantry 
BBe was reached. It then opened out from the centre and cleared 
tlM front of the infantry. The feigned retreat had produced the 
tabed effect. The enemy advancing from his position, with his 
fltOlery, amidst loud shouts and cries, was met by the British 
■fairy formed on one line. The cavalry formed up in second line 
*47 About 40 yards in rear of the right wing and detached a party 
to ike right with two " galloper " gnns, to hold in check a large body 
^ Sikh cavalry which was massed on the enemy's left. The 
'MSsh left was covered by the l-2nd Native Infantry with four 
fpoxL The whole force then moved on (the Commander-in-Chief 
<iikili0head of the 76th Regiment) under a heavy fire of artillery, 
As inSuitry with shouldered arms until their line was within a 
lulred paces of the enemy. Then the infantry fired a volley and 
AlK^ltBd with the bayonet, and with such impetuosity that the enemy 
0KTe way and fled. The line was then halted and broken into 
^ohnuiB of companies, the cavalry with its guns passed through the 
^B^vrals and took up the pursuit to the front and right, and con- 



tinned it as far as the passage over the Jamna. General Lake with 
the infantry pursued the enemy towards the left into the ravines 
near the river, capturing all tbeir artillery and stores. 

The losses in this battle were considerable, amounting to 461 
killed and wounded, or 10 per cent, of the force engaged. Of this 
the 76th alone lost 137. The enemy's loss was estimated at not 
less than 3,000. flis army was dispersed. The number of guns 
taken was 68. 

At the present time it would be probably objected to General 
Lake's arrangements that he ought not to have made a frontal at- 
tack. But there seems to have been good reasons against the turn- 
ing movement which has been so often decisive in actions against 
Asiatics. In the first place, the force present was very small, only 
4,800 men. Then the camp with all its encumbrances had been left 
standing, and the enemy's flanks were well secured. Any turning 
movement would therefore have had to make a considerable circuit, 
and could not have escaped the notice of the enemy. The hostile 
army was 19,000 strong, and the Commander-in-Chief could not have 
divided his force without exposing the part left to perform the duty 
of " retaining " the enemy to almost certain destruction, which would 
have involved also the loss of his camp. The actual course adopted 
shows that the troops must have been very well trained, and of high 
morale, and that the General must have possessed their confidence in 
a very complete degree. The scouting duties seem however to have 
been imperfectly performed by the cavalry, as we are told that the 
grand guard and piquets had to turn out on the unexpected 
appearance of the enemy, and this although intelligence had been 
received of his having left Dehli to attack the British. 

After the battle the camp was moved 3 miles nearer to Dehli, and 
formed east of the village of Chalera.* On the 12th, the army 
marched to Patparganj, and on the 14th crossed the Jamna and 
entered Dehli. On the same day M. Louis Bourquinf and four 
other French officers surrendered to General Lake. 

The power of the French State, as it had been called by the 
Governor General, and now completely broken, its army beaten and 
dispersed and its chief officers in British hands. The Emperor^ 
Sh&h Albm gladly accepted British protection, and a British resident 
was to be appointed. 

* See Nute on position of the battle, t Variously spelt, Boarqoin, Boarqaen, 

Boorqnein, Bourqnien. 
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Oeneral Lake remained 10 days at Dehli, afler which he moved 
OB Agn, Before proceeding with the description of the campaign 
H mtkj be well to glance at the manner in which an Indian army 
mtrched in those days. Without some knowledge of that sort it is 
impossible to appreciate the difficulties which a commander had to 
oootend with. 

Major Thorn, in his memoir, gives a vivid sketch of the oamp. 
He sajB that no regular supplies could he reckoned on, especially 
lien operating against the Mardthis, who were in the habit of 
doTasiating the country as they retired. All necessaries had to be 
np|died before hand, or obtained from followers whose desire of 
giiii attached them to the army. 

The chief purveyors of grain were the Birinjaris,* a peculiar class 
of Hindiis. The army was accompanied by a number of these 
people, who had from eighty to a hundred thousand bullocks laden 
with grain. The men were armed with matchlocks, spears, scima- 
tan, and shields, and were in the habit, when their stock was 
nhaogted, of setting out to procure fresh supplies either by pur* 
•haae or by plunder. 

Of followers. Major Thorn states, there would be about ten to 

evoy fighting man. This, since General Lake's force numbered 

vhen all united about iO,000 men, gives a hundred thousand 

faUowers. Of elephants there were several hundreds, and some 

AoDsands of camels. Tent lascars were present in large numbers. 

BdanquiUs and doolies for the sick and wounded required a great 

■unber of bearers. Horses, as is still the case, required most of 

them two attendants each, a sais (or groom) and a grass cutter to 

. collect forage. The officers in those days received no rations, and 

tach had to provide his own live and dead stock, including goats to 

inpply them with milk for their tea. 

Their servants are reckoned at 10 for a subaltern, 20 for a 
captain and 30 for a field officer. Besides what may be termed the 
li^'timate followers, there were a multitude of women and other 
adventurers. 

The army encamped in the same order in which it marched, 
Fiate IV., the infantry and cavalry forming the outside, and thus 
prote<^ng all within the enclosure. As soon as the camp was 
fomied long streets of shops might be seen springing up. Here 

Pirinj&ri, a gnUn.merohaiit, 



were to be fonnd ahrofPs or money-changers, confeoiioners, 
European merchants selling wines, liquors, or groceries ; tradeirB 
in cloths, mnslins and shawls ; gold and silver smiths were there, SB 
well as quacks, jugglers, and dancing girls. 

"The march had the appearance of a moving citadel in the form 
of an oblong, the ramparts defended by glittering swords and 
bayonets." On one side marched the infantry on the other the 
cavalry, in parallel lines preserving as nearly as possible iJieit 
isncamping distance. The front was covered by the advanced guaxd, 
composed of all the picquets coming on duty, the- rear by all th6 
piquets coming o£E duty forming a rear guard. The parks fl^^ 
artillery moved inside and along the road and next to the infaii.^179 
which moved at a short distance from it. The remainder of tihe 
space was occupied by the baggage cattle and followers of the ca>xxip' 

Notwithstanding the immense size of this moving mass, notkixigt 
says Major Thorn, could exceed the regularity of the troops in pro- 
serving their distances. The Commander-in-Chief was carefuX *^ 
impress on officers and men the necessity of preventing any iiii.43.ti® 
lengthening out of the line of march, and that they were on. ^^ 
account to be provoked to leave their ranks and thus give "tJ^^ 
numerous cavalry of the Marathas, which would hover round, 
opening to break into the square. 

When the difficulties of conducting such a march as this are 
sidered, we shall be ready to give due credit to a general who, ^^ 
spite of them, could move his army 15, 16, and 18 miles in the A ^7* 

It is obvious that such a method of marching could be adop'^^^ 
only in a very open country, sucli as the great Gangetic plain, ^•^■- 
in a country which was not obstructed by cultivation ; and doubtl^^^* 
in 1803 the Do4b was far less cultivated than it has now 
under the settled government it has so long enjoyed. 

Such a *' moving citadel '' was impossible in the Dakhan, ancS- 
different formation had to be adopted by Major- General Wellesl^ 

It is thus described in the journal of Sir Jasper Nicolls : " 
by the left in the following order which is the usual one. A 
of Maistir Horse, about four huudl*ed, leads the column of 
this, at some distance, is followed by the cavalry ; the new piqii*^ 
of infentry march in their rear, then the line of infantry, foUo^^^^^ 
by the park, store, and provision carts ; the guns of the allies cl^^^^^ 
the line of carriages, the ammunition and park bullocks foll^^"^^ 
them, and the rear guard, consisting of the old piquets ; a squad^*^'^ 
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rf nvafay, which moTOfr on the reyeme flank, and another body 

rf4)0 MjBoreanfl close the line. Detach ments of pkmeert attend 

tte leading diviBiona of the oaTaby, advanced gnard, the line, 

tBd the paxic. Guides are sent every morning before the 

MRHtbfy beating, to the heads of the cavalry adTaaoed aind rear 

fsanL The baggage is ordered to be kept on the reverse flaok 

flitirely, and in a great measure it is so. The horsemen, etc., of 

tte allies march on either flank, as is most agreeable to their 

loftders. The Brigadier of Cavalry is ordered to halt wherever he 

Bay exceed the distance of three qnarters of a mile in front of 

hm infantry ; the long roll for a halt is beat by any corps which 

>ay by any accident be so long stopped as to occasion a break of 

Be hundred yards ; this is to be repeated from front to rear by 

^ery corps ; and when ready to move again, the taps are passed, 

s before, along the line, which proceeds."* 

'Whilst the Commander-in-Chief with the Bengal Army is en- 
Ting a few days of hardly earned repose at Dehli, let us glance at 
^ proceedings of the subsidiary forces, and of the Madras force 
^^er Major-Oeneral Wellesley. Into the details of those operations 
■i« not propose to enter. 

^e left G^eral Wellesley on 15th June, at Agar, threatening 
^^dia's fortress of Abmadnagar. Colonel Collinsf was carryings 
negotiations with Sindia who was in camp at Chikli near Bnrw 
^pdr on the Tapti, where he was joined by the B&ja of Ber&r on 
^ 4th June. The negociations led to no result. On the 8tU 
^^^oait, Major-General Wellesley took the town of Abmadnagar, 
^ the capitulation of the fort followed on the 12th. Whilst en- 
^ped in establishing authority in the district he detached Colonel 
^venson, with the Niz&m's subsidiary force and native troops, 
^ards AurangdbM. That place was occupied on 29th August. 
^ 24th Angust, Sindia and the HiLja entered the territories of the 
••sdun by the Ajanta Qh&t (one of the openings in the Northern 
^ts) with a view to marching on HaidardbM, but were compelled 
the manoeuvres of the Major-General to withdraw. At the 
^nta Ghii they were joined by a detachment of 16 battalions 
regnlar in^Euitry, and a large train of artillery, under M.M. 
^lilman and Dupont, and then proceeded to take up a position 

* JoanuU of Sir JABper Nieolls, K.C.B., quoted in WelUaffton DatpstehM, I., 436. 

t Resident with the Peshw*. 
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between Bokerdnn and Jaffirdbdd. On 2l8t Sept., Major-G^nei 
Wellesley waa joined by Colonel Stevenson's force at Bndnapi 
and be decided to attack tbe enemy on tbe morning of tbe 24^ 
On tbe 22nd* tbe force was again divided, and Colonel Stevens 
marcbed by a western, tbe Major-Oeneral by an eastern, road throim 
tbe bills. 

On tbe 23rd, Major-General Wellesley, aflber marcbing 14 ms. 
to Naulnair, learned tbat tbe enemy were only 6 miles off (inste 
of 15 or 16, as bis information bad led bim to believe) and near 'C 
village of Assaye. He determined to attack witbout waiting for ti 
otber division. Tbe force at bis disposal consisted of two battalio. 
of King's Troops (tbe 74tb and 78tb Foot) and parts of 6 battalioi 
of Native infantry, tbe 19tb Ligbt Dragoons, and 3 Regiments ( 
Native Cavalry. It numbered in all about 8,000 men and only 1 
guns, witb some Maistir cavalry and cavalry of tbe Pesbwa i 
addition. On tbe otber side were, besides upwards of 10,000 regola 
troops from Debli, a large mass of Mardtbd cavalry and infantr] 
belonging botb to Sindia and tbe Raja of Berdr. Tbe wbole nun 
bered 50,000 men, strongly posted and baving upwards of 100 gum 

In tbe battle wbich ensued tbe Britisb, in spite of severe loss, 
were successful. Tbe army of tbe confederate Rdjas was driven of 
a large number killed and wounded, and of tbeir artillery 98 goi 
were taken. Tbe Britisb per oentage of loss was nearly 20. 

Tbis occurred on tbe day before General Lake marcbed froi 
DebU. 

In Gnjardt, Lieut.-Colonel Woodington marcbed on 21st Angoi 
from Baroda witb about 1,000 men.^ On the 29tb (tbe same da 
on wbicb General Lake crossed tbe frontier near Koel) be too 
Bbamcb, at tbe moutb of tbe Narbadda, by storm, wit 
trifling loss. On tbe 17tb September tbe almost inaccessible fo: 
of Powangarb (20 miles nortb-west of Baroda) capitulated to Co 
Woodington, after a breacb bad been formed in tbe walls. Tbef 
snocesses made tbe Britisb masters of tbe wbole of Gdjardt. 

A little later, E[at4k and Bundelkband were occupied. Tbe mai 
force intended to occupy Katdk§ was assembled at Ghinjam, an 



* Wellington Despatches, I., 400. Atlas of India, Sheets 88 and 66. 

t 1606 killed and wounded, or nearly 20 per cent, of force engaged. Bee Retnma Beng 

Papers, 281. Thorn, p. 280. 

I The King's SOch oontribnted 600 men. See Bengal Papers, p. 27i. 

I Thorn, ch. vii., 26S-M6. 
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nualler detachments were employed, one of them to seize BiUair^ 

•ad another to move from J&lisur to unite with this. Colonel 

Haioonrt, commanding the main force, occupied Jagannath on 18th 

September. On the 14th October he took the Fort of Barabatti, 

near the town of Katdk, and this success was followed by the sub- 

mifflion of the whole province. The resistance met with had not 

been serious, and the difficulties of the undertaking were such as 

"were caused by the nature of the country, which is the delta of the 

MAhana di, rather than by the numbers or valour of the enemy. 

After completing the settlement the Elatdk force prepared to enter 

wie state of Berdr, but the conclusion of peace rendered this move- 

inent unnecessary. 

The operations in Bundelkhand were not less successful. By the 
twaty of Bassain, the Peshwa made over this province to the British 
in lieu of payment of subsidies. The possession of Bundelkhand 
vaa of great value to the Company as it lay along the flank of 
territories ceded by Ondh in 1801, and whilst it remained in 
Har&th£ hands they were exposed to irruptions. 

Lieai-Colonel Powell marched from AUahdbdd on 6th September. 
A chief named Shamshir Bah^dhar resisted the transfer of the 
province, but was easily defeated by Col. Powell, on 10th October, 
west of the Ken River near Kapsah. Shamshir Bahddhar then 
offered to submit, but he protracted negociations for so long that 
Colonel Powell at last resumed operations, and, on 4th December, 
' captured E^^lpi. 

We now revert to the proceedings of the Commander-in-Chief. 
Arrived at Dehli on 14th, he was received on 1 6th September in 
darbar by the Emperor Shah Alam. The emperor was old and 
blind (his eyes having been put out by the infamons Ghol^m Kddir 
in 1788), and so low had the once powerf al Moghals fallen that their 
jrept^Bentative, though still inhabiting his magnificent palace, was 
fband reduced to poverty, and seated under a tattered canopy. This 
^as not the first time that Shah Alam had been in the power of the 
JEngl^Bh. He had in his earlier days resided at Allahahdd under 
British protection, but had quitted it in 1771 to take up his resi- 
dence in the imperial city. At Dehli he had undergone many mis- 
fortunes during the subsequent thirty years, being sometimes in the 



* Thorn, p. 241. t Thorn, p. 244. 
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power of the Mar&tbiLs, and sometimes in that of rebellions snbjects 
like GhoUm EAdir. He lived three years after the time of which 
we are now speaking, dying in December, 1806. His son and suc- 
cessor, Akbar, was father of Mnhammad Bah&dur Sh&h.* 

General Lake marched on 24th September for Agra, leaving 
Lieat.-Colonel Ochterlony at Dehli as Resident, supported by 1^ 
battalions of N.I., and some irregular troops. The character of the 
country traversed in this march differs considerably from that of 
the Dodb, or country between the Ghbuges and Jamna, through which 
he had marched on Dehli. In my first lecture, I mentioned the 
Indo-Gangetic plain, of which the Do^b is a part. In the Do&b the 
plain appears interminable. Except where some village of very 
ancient date has made for itself a trifling mound out of the accumu- 
lated mud bricks of ages (brought from the plain below), there is 
nothing to break the universal flat which extends as far as the eye can 
reach. But at Dehli we are in sight of hills. The famous ridge 
held by the British in 1854, is the extremity of the Aravali HiUs, 
which I described in my first lecture as running south-west 
and north-east through B&jput4na. In marching from Dehli 
to Agra on the left bank of the Jamna the outlying spurs of these 
hills are always within sight, and afford a most agrreeable variely 
in the views. The nature of this country, so close on the flank 
of his march, must have led to additional precautions on the pari- 
of the geneiral, and must certainly, in some places, have rendered* 
absolutely necessary a departure from the order of maich 
I have described. 

Passing, on the 2nd October, within 20 miles of Dig, which 
to become famous in the campaign against Holkar, the army arrived 
before Agra without opposition on the 4th, and encamped near the 
village of Shihganj.f 

Agra is still partially a walled city, and in 1803 the walls wore^ 
no doubt, intact. The fort of Akbar, situated on the banks of the 
Jamna, commands the town. It has lofty walls and fJamlHtiy 
towers, with a deep ditch and a fausse brad. It lies to the south- 
west of the city, and the city walls abutted on the fort on two sides^ 
where the R4jputana Bailway Station now stands. To the aoath. 
and south-west of the fort are a number of ravines running to the 



* The ITfeh and Ust of the Mofchal Emperors, who died at Rangoon, 7th Novem b er , 1881. 

t Apparently on the site of present eantonmente. 



75 

JamiUL Abont 250 yards from the fort, and to the north-west of 
it, tnd therefore inside the city, stands the Jamma Masjid, or G-reat 
tfosqne, on an elevated site. 

Wlien General Lake arrived he found the city and the fort 
oecapied by the enemy, and a camp of regular troops with a large 
number of guns on the glacis. This movable force rendered it 
impctBible for the Commander-in-Chief to open the siege of the fort, 
and therefore, after investing the place as far as possible with his 
cavalry on the 7th, he decided to make an attack on the 10th 
October upon the town and the force outside. For this purpose 
Brigadier-Gbneral Clarke, with the 2nd Brigade, was directed to 
attack the town, whilst three Native Infantry battalions, under 
Lieut-Colouel McCalloch of the 14th Native Infantry, were sent to 
oocapy the ravines. This attack was subsequently supported by 
another battalion of Native Infantry (the 2-2nd Native InfiBmtry). 
Both attacks succeeded. The city was, after a sharp struggle, 
beared of the enemy and the ravines were occupied. The enemy 
were pursued upon the glacis, where 26 fine brass field-guns were 
captured, in spite of a fire of musketry and grape from the fort. 
The losses were 229 of all ranks killed and wounded ; probably 
ahont 5 per cent, of the force engaged. 

On the 12th, the remainder of the enemy's troops outside the fort 
agreed to desert, and on 13th (to the number of 2500) marched into the 
British camp. The ground being thus cleared, the Commander-in- 
Chief lost no time in making approaches through the ravines, and 
erected a breaching battery of eight 18-pounders, and four howitzers, 
350 yards from the fort.* On the moruing of 17th October, fire 
was opened on the south-western bastion, and a breach would soon 
^Te been made had not the garrison capitulated the same night. It 
numbered nearly 6,000 men. In the fort were found 164 guns of 
Cerent natures, a large quantity of ammunition, and over a 
quarter of a million of money. One of the guns was a very re- 
nwrkable piece. It was almost cylindrical in shape,t 14ift. 2ins. 
^^^1 with a calibre of 23 inches. The bore was 8ft. Sins, in length, 
and had a powder chamber 4ft. 4ins. long, and only 10 inches in 



* In throwing up this battery, volnnteen from 8th, 27th, and 29th Dragoona were em- 
ployed. There were also an enfilading battery of four 12-poanderB on the left, and a two- 
tC^^ batteiy (12-poander) at the bank of the river to the right. 

t Stabbs, I., p. 219 and 24S; Thorn, 188. 
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diameter. The gun was calculated to .weigh 54 toDs, and throw an 
iron shot of 1500 ]bs. A marble shot (which it was probably 
intended to use) would weigh 567 lbs. only. 

The capture of Agra secured the conquest of the territory in the 
Dodb. The British now held Aligarh, Dehli, Mathra, and with 
Agra in their hands, not only were their communications with 
Dehli protected, but also an important base was gained for farther 
operations against Central India. All this had been accomplished 
in 50 days*. 

During the operations against Agra, a considerable force of the 
enemy (including 15 regalar battalions which had been sent by 
Sindia from the Dakhan, and two which had escaped from Dehli) 
had been encamped at a distance of about 30 miles from the place 
to the westward, somewhere near Bhartptir. Although this force 
had not made any attempt to disturb the siege operations, yet, as it 
possessed a formidable artillery, and was believed to be threat^iing 
Dehli, the Commander-in-Chief determined to break it up. Haying 
determined on this, Greneral Lake acted with his usual vigour. He 
left Agra on 27th October. His infSantiy had been reduced by de- 
tachments left at Aligarh, Dehli, Mathra, and Agra to Sf battalions, 
but the three cavalry brigades were still complete. On the 27th 
he marched 16 miles to Karauli ki Sarai4 There he was detained 
by a very heavy fall of rain, very unusual at that season, on the 
29th. On the 30th, he marched 12 miles, passing Fatehpi^ Sikri. 
During this day a cannonade was hoard, which proved to be the 
bombardment of Khatumbar by the Mardthds. On the 30th, the 
Commander-in-Chief left his baggage and heavy guns nnder the pro- 
tection of two battalions of Native Infantry, § and marched 16 miles, 
to Sinfini. iNext day, after a march of 20 miles to Museri'near 
Khatumbar, the Commander-in-Chief found himself close to the 
camping ground qaitted that morning by the enemy. This 
information determined General Lake to make an effort to overtake 
them the same night, and accordingly he marched with the whole 

of his cavalry at 11 p.m., having given orders that the infantry 
should march at 3 a.m. After a night march of 23 nodles, he found 



* GroBsed frontier at Koel, 29th Augrost. Fall of Agra, 17th October, 
t 2-12th, l-16th, 2-15th, 2-16th, N.I. ; H.M'8. 76th ; 2>8th, 2-Oth, and LlSth N.I. 
X Thorn, 212 ; Bengal Papers, 261. § l-2nd, 2-2nd, or l-14th. of 4th Brigade ; see Thorn, HI. 
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Umadf, at stmriBe (5 a.m.), on the Ist November, in presence of 
ihfi enemy. They numbered about 14,000 men and 72 guns. 

The battle field of Lasw^ri lies on the north bank of the Buperat, 
Badi or BArdki, Nullah, which comes from the hills south and west 
of the town of Alwar, and flows eastward. The banks of the Nullah 
are Tery steep and difficult of access. On the north bank, and close 
to it, is the village of Nasw^ri,* and about 2,000 yards west by north 
the Tillage of Mdlpur.f Just above the village of Lasw^ri is a 
cbun across the Nullah from which a canal is carried to Govindgarh, 
a small town to the eastward. When General Lake arrived near 
the passage of the Nullah, he saw the enemy in confusion about 
MUpdr, and judged that they were retreating. He therefore de- 
cided to attack immediately with the cavalry alone. But the enemy 
vas not really retreating. He had cut the bank of the canal and 
flooded the road, and his movements were covered by the dust 
nised by his cavalry, so that by the time the British force had over- 
come the difficulties of the crossing, he had had time to complete 
lui formation. His position was then seen to be a formidable one. 
Its right rested on Lasw^ri and the Nullah, and left on Malpdr, 
whilst the front was concealed by high grass, and covered by a 
powerful artillery. Nevertheless the attack was delivered. The 
^c* Brigade (8th Light Dragoons, 1st and 3rd Native Cavalry) 
Passed along the whole front of the position, and attacked Malpur, 
^^ere it penetrated the enemy's line, and captured some guns 
^«ich, however it had no means of carrying away. On the enemy's 
^bt, the 3rd Brigade (29th Dragoons, and 4th N.C.) charged three 
*^08 throngh their line, but with no more lasting effect than the 
^''^t Then the Commander-in-Chief, finding nothing coald be ef, 
*®ct©^ withdrew the cavalry from the attack, and formed them up 
**®^^reen Sihajptir and Singraka, to await the arrival of the infantry. 
-^Q had not very long to wait. The infantry marched at 3 a.m. 
*'\ *^^Bd to cover 24 miles under a son which, on 1st November, is 
*^*l hot, but about 11 o'clock it appeared upon the field. General 
*^ke gave the men a short time for repose and refreshment, during 
^"icsh the enemy proposed on terms to surrender their artillery, 
^otliing came of this negociation, however, and after the cavalry 
^^^^^^^4sk had ceased, the enemy had taken advantage of the pause to 



Or liBPw&ri in the despatch, f Gcncml liukc called tki* village La«w4ri, and hence the 
^ which the batUo iB known. L and N are interchangeable j Laswari or Naswari. 
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change his ground. His position now faced eaRt, with the village 
of M4Iptir behind the left and left centre, and the right extending 
towards the Nnllah (DDD in Plate YII. ), but not reaching it by a con- 
siderable distance (probably 3 or 4 hundred yards). A second line 
was formed, parallel to the first and in rear of the village. 

The Commander-in-ChieFs plan was to force his way between the 
enemy's right and the Nullah, and then assault the village of M&l- 
ptir. For this purpose, the right wing of the infantry,* 76th Begt., 
2-12th N.I., l-16th and 2*15th and part of 16th N.I. was formed 
in column under Major-General Ware. It was followed by the left 
wing,t also in column, under Maj.-G^en. the Hon. Fredk. St. John. 
Of the cavalry, the 3rd brigade (29th Light Dragoons and 4tli 
N.C.) was to support the infantry ; the 2nd Brigade was sent to 
threaten the enemy's left and cut off his retreat, whilst the Ist 
Brigade formed the only reserve of the army. The "galloper" 
guns belonging to the cavalry, with as many other field-pieces as 
could be brought up, were formed into four batteries for tlie 
occasion. Three of these were distributed along the front, and the 
other moved with the infantry to take up an enfilading position 
near the Nullah. (See Plate VII.) 

The leading column, which had to march nearly a mile to gain 
the enemy's flunk, escaped notice at first in the high grass and in- 
equalities of the ground near the Nullah, while the 29th light Dra- 
goons appear to have marched in the hollow below the bank. Ab 
soon as the enemy perceived the column he opened a heavy fire of 
artillery on it, and at the same time threw back his right, pivotting^ 
on the village of Malptir, to frustrate the attack. The Commander- 
in-Chief, who, as usual, was in the thickest of the fight, thereupon 
determined not to await the deployment of the whole column, but 
as soon as the 76th had formed led it, with as many of the Native 
Infantry as had closed to the front, direct to the attack. The artil- 
lery came into action at the intended point, and the 29th Light 
Dragoons were in the low ground to the left of the head of the 
column, and unfortunately so placed that the enemy's shot which 
went over the artillery fell into their ranks. 

As soon as the 76th (" this handful of heroes," as the Gtenend 
calls &em in his despatch) ;( came within canister range of the enemy. 



* Thorn, p. ttO. t t-Sth, S-9th and l-lith. % ]>eBiMitch ia in Bengal Papera, i>. 98S. 
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A tarriUe fire was opened upon the regiment, which checked its 
•inaoe. At the same moment, a body of the enemy's horse at- 
imfkd. to charge, bat was repnlsed by the regiment It however 
nOied, and maintained so threatening an attitude that the 29th 
DnffxmB were ordered to charge it. The Dragoons had to come 
OBt hj files from the rayine, and formed up on the left of the 76th, 
aaadii cheers from their ranks. They immediately charged, and 
pmed through both lines of the enemy in a manner which earned 
far them the warmest acknowledgments of the General. He fol- 
lowed with his infantry, the native battalions of the leading column 
hsfing now formed up, and led them to the attack of the enemy's 
ncood line. An obstinate struggle ensued, Major-General Ware 
m killed, hia head being carried off by a round shot, and the 
eaamy continued to resist until all his guns had been captured. 
Ifsa then their left wing attempted to retreat in good order, but 
titt 27th Light Dragoons and 6th Native Cavaliy, under Lieut.-Col. 
Tandelear, broke their column, and after killing many, forced the 
wi to surrender. By four* o'clock the battle was over, and the 
ttemy's force had been, for practical purposes, annihilated. The 
17 regular battalions had been destroyed. 2,000 prisoners were 
Uan. 7,000 men are said to have remained on the field. The 
^leof the artillery, 72 pieces; the camp equipage, stores, ele- 
pba&is, camels, 1600 bullocks, and a great many colours, became 
ttepriie of the victors. The British loss was 172 killed, and 652 
wonsded, total 822 out of a force oi about 8,000 men ; or upwards 
^ 10 per cent. 

By this victory the work of the Commander-in-Chief's army was 
completed ; Sindia's trained and organised force being entirely 
destroyed, and the territories assigned to him by the Emperor 
•Qoqiered. 

The army halted at Lasw&i until 8th November, when it resumed 

its march, and moved leisurely to Pahesar, 18 miles west of Bhart- 

pir, and there halted from 14th to 26th November. Whilst there, 

traafeieB were concluded with the Bdja of Macheri or Alwar, with 

the B^'aa of Jaipilir and Johdpdr, and with the Begum Sumrd. 

The B^ja of Bhartptir, from whom the British arms were destined 

in the following year to receive so severe a check, had already con- 

dnded a treaty in September, while the army was on the march 

from Dehli to Agra. 

On 27th November, a move was made to Halena on the Binganga, 
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and after some marching and conntermarching along the Bingang* .• 
(or TJtangan) River, the reasons for which are not now apparent^ l 
the army arrived at Biana on the Gambhir. This choice of a winter ^ 
camp was due to the necessity for watching Holkar. ^ 

Whilst there the Commander-in-Chief became aware that Sindia \ 
and the Bija of Ber&r had signed peace in the Dakhan ; bnt before '] 
proceeding to describe briefly the operations of Major-General - 
Wellesley, which combined with General Lake's successes to pro- * 
dnce that result, it will be well to complete our review of the suIk : 
sidiary operations in Northern India. 

Nothing further of any importance occurred in Katak, the com- 
plete occupation of which province has already been described. 
But in Bundelkhand we left Col. Powell at KAlpi, which he had '. 
just captured (4th Dec). Shortly after that, Shamshir BahiLdhar ' : 
submitted, and his submission was soon followed by overtures from 
the Subadhar of Jhansi (who was ancestor of the Bani who fell 
gallantly fighting against us at Gwaliar* in June '58). Still more 
important was the defection from Sindia of Ambaji Ba,o Inglia, 
leading as it did to the capture of Gwdlidr. Ambaji Inglia exer- 
cised the authority of Sindia over a cousiderable territory, which 
included Gw&liar and Gt>had. He agreed to deliver the fortress of 
Gwali^r and territory north of it to the British, f and, accordingly, 
Lieut.-Col. White was detached by Gen. Lake, on the 2Ist Decembers 
with a force of Native Infantry to occupy the place. But when the 
colonel arrived, the Killad^ (or Governor) refused to surrender. 
The Commander-in-Chief then reinforced Lieut.-Col. White, bring- 
ing his strength up to^ about four-and-a-half battalions of Native 
Infantry, and the flank companies of the 76th Begt., together with 
a company of artillery, and some heavy guns. 

The fortress of Gwdliar (I have here a very beautiful plan made 
by Captain C. Strahan in 1876) is a place of great natural strength. 
A narrow rock, If miles long and nowhere more than 600 yards wide, 
rises abruptly above the plain to a height of over 300 feet. The top 
is nearly level and the sides are in many places formed in natural 
precipices towards the top, with a long slope below. These natural 
escarpments have been improved, so that a great part is abaolntely 



* MalloBon, HiBtory of Indian Mutiny, I., 181. 
t In this Ambfigf wsa acting a treachorous part, as he was a aenrant of SindiA. 
t l/M N.I., 219 N.L, ^11 N.I., S/18 N.I. Det. of 16 N.L Flank Oompaaioa TOih Biogk 
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iUe. A rough wall of dry stoue-tvork follows the oootoar 
rf ihe hill, which has a total periineter of nearly five miles. On 
Iks north-west is a cnrions valley which rnns np into the hill^ and 
an ample supply of water in wells. Inside the fort are 
Jain temples, and on the eastern face a very cnrioas old Hindn 
\, whioh served the Moghal emperors as a state prison. All 
the rock are oaves in which are figures, many of them of a 
gigaatic aixe, cut out of the solid rock. The fortress first fell into 
4v huids in 1779, when it was surprised in a very gUlant manner 
if Major Popham, who escaladed the western face during the 
i«ht 

Colonel White opened a regular attack. He established batteries 
•ad breached the walld, close to the place whioh Popham escaladedy 
Hivithatanding their great elevation above the level of the batteries, 
ad waa about to storm on the 4th February, 1804, when the 
puxiaon surrendered.* 

The possession of this fortress was of groat importance, not only 
m account of its actual strength and its position covering Agra, 
bat also on account of tlie reputation for impregnability which it 
lad with the natives. 

The long line of frontier which had before boen so much exposed 
{mb Plate 11.) was now secured. With Gwdliar and Bundelkhand 
•eempied by British troops, the passes through Eewa held by 
Major-Q^neml Deare's force (whose Head Quarters were at 
ChnnAr), the line from the Son River to Pachit by Lieut. -Colonel 
Brongliton, and from Pachit to the sea by Colonel Fenwick (who 
had his Head Quarters at Midnapur), there was no longer any 
gnmnd to fear an irruption of the Marathas. 

Indeed Colonel B rough ttm was able to take the offensive. In 
December he marched into Berar and on the 3rd January, 1804, 
abtained possession of Sambhalpur on the Malidnadi. 

We now revert to the Dakhan, where wo Icf b General Wellesley 
on the fii'ld of Assaye. Though successtnl in that battlo ho was not 
aUe to follow it up by a vigourous pursuit bcoausu his cavalry f had 
heen need in the action. Consoqucntly the army of the confederate 
Bajas, though beaten and driven off the field, soon recovered 



* A copy of the originnl Hurvev of 1770 w in the Qr.-Mr. GenernlV office at Gw41iir. The 
flte of Popbam'B eacahide ami of White's breach are marked on Captiiiu Strulum't* plan, 

t Wollingtnn DenpatcheA, IIG. 
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consistency enough to be again formidable, althougb it had aban- 
doned a great many gnns in its flight. 

During the months of October and November, some very extra- 
ordinary marches were made by General Wellesley,* bat nnforin- 
nately he does not give the names of the places at which he encamped, 
most of his letters and despatches are dated merely ''Gamp*' and 
day of the month, and therefore it is not possible to lay down his 
route on the map. Moreover he formed no exception to the general 
rule that Englishmen show a supreme contempt for the spelling 
of native names ; and consequently only a part of the few names 
given can be identified. 

[It may not be out of place to give you a practical hint as to 
names in Indiaw It is this, never piU a name into a man^a mauih. 
Politeness, sometimes laziness, inattention or inability to understand 
your pronunciation, all are in favour of his acquiescing. The only 
safe way is to get the word spelt for you by some head-man of the 
village, and to transliterate it carefully. It can then always be 
identified with certainty.] 

That these marches were extraordinary there can be no doubt. 
General Wellesley, who never exaggerated, writes on 26th October 
to Major Shawe as follows : — 

" Since the battle of Assaye, I have been like a man who fights 
with one hand, and defends himself with the other. With Colonel 
Stevenson's Corps I have acted ofEensively, and have taken Asserg- 
hur ; and with my own, I have covered his operations, and defended 
the territories of the Nizam and the Peshwa. In doing this, I have 
made some terrible marches'. 'f Again he writes in a private 
letter, to his brother Henry Wellesley, on 24th January, 1804. 

** Marches, such as I have made in this war, were never known 
or thought of before. In the last 8 days of the month of October, 
I marched above 120 miles and passed through two ghita vrith 
heavy guns ; and in the few days previous to the battle of Arg^um 
I never moved less than between 17 and 20 miles, and I marched 
26 miles on the day on which it was fought."^ 

The object of these long and continued marches was to keep 
Sindia and the Rija of Berdr from entering the dominions of 
the Nizam, or advancing on the Peshwa 's capital of Ptina. General 



* Wellington DaspatohM, I., 408 and 410. f Wellington DespAtohM, I.» 47S. 
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WelloRley was not able to move after the battle of Amaye until 8th 

October, becaose he could not provide for the security of his 

womided. Haying then placed them in the Fort of Ajanta, he moyed 

flonihward to anticipate the confederates who had gone west along 

the Tapti, and seemed to aim at Pdna through the Eisab&ri GUlt 

Cfr pass. At the same time he sent Colonel Stevenson with hia 

diTiflion and some siege g^ns to BurhAnpdr. He gives as his 

TemBOUB why this detachment could be safely made, that two out of 

the three campos (or regular brigades) opposed to him at Assaye had 

been destroyed.*' Colonel Stevenson occupied Burh&nptir on 16th 

October, and on 21st opened his batteries against Assirgarh which 

surrendered. Meanwhile Major-GTeneral Wellesley had returned 

northwards as far as Fardaptir, but on the 25th October he again 

moved southwards to "turn" the R&js, of Berdr, who had left 

Sindia on the Tapti, and gone south to plunder.f 

Having succeeded in this the Major-Oeneral again moved north- 
ward, and on 11th November, while in camp at Jaam, received an 
emissary from Sindia, with propositions for peace. At that time 
Sindia had only lately heard of the capture of Dehli by the 
Commander-in-Chief. X 

On the 23rd the negociations were formulated into an agreement 
for an armistice, one of the conditions of which was that Sindia 
should withdraw his army to a point 40 miles east of Ellicbptir. 

Meanwhile Colonel Stevenson had been preparing for the siege 
of 04wilgarh,'a strong place belonging to the Rdja of Berdr, and 
on the 24th November the Major-Oeneral descended the Ghdts by 
the Bajtira pa8S§ to co-operate with him.|| On the 29th the whole 
force concentrated at Pathalda, in the valley of the Tapti, and 
found the Rdja of Berdr in force at Argaum. Sindia had not 
fulfilled the conditions of the armistice by withdrawing eastward, 
and a large force of his cavalry was with the Rdja of Berdr. 

The British troops had made a long and fatiguing march to their 
camping ground at Pathalda, bnt nevertheless the General, finding 
the enemy in sight at a distance of about six miles, determined to 
attack. He, therefore, marched in the afternoon in one column, 
the cavalry leading, and then formed to the right the infantry in 
front line, the cavalry in rear and supporting the right. In this 

• Wellingum Despatches. 4S3 and 434. f WeUiogton Despatches, 476. % Wellinflrton 

D— p a t o hofl, I., 407. § Where is this t |j Questionable strategy : pee Wallipgton 

DespMohfla, L, 838—" It is a carious oiroomstanoe, ' fto., also n., 74. 
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order the enemy's line, which extended for fire miles, was attacked 
and put to flight, with a loss of 46 killed and 293 wounded. Sixty- 
eight pieces of artillery, with all the enemy's ammonition, were 
taken ; and the cavalry continued the pursuit by moonlight. In 
this action success was endangered by the panic of three Native 
Infantry battalions, which had behaved well at Assad, but 
fortunately the General himself happened to be close at hand and 
restored tbe fight. 

General Wellesley's next operation was the siege of Gtdwilgarh, 
for which Colonel Stevenson had been some time equipping bis 
corps at Assirgarh. On 6th December he was at Ellichpdr, and, 
after arranging there for the comfort of the men wounded at 
Argaum, he marched on the 7th. 

The fort stands just within the southern skirt of the hills which 
divide the Puma from the upper Tapti, 14 miles north-west of 
Ellichpur, and at an elevation of 3,60i) feet above the sea. 

It has three approaches, one of which, to the south, is long and 
steep and only for foot people ; one to the north-west passes round 
the western side of the fort, and is exposed to its fire ; whilst only 
the third, on the north, is suitable for a siege attack, the ground on 
that side being level with the fort. 

To reach this last, a circuit of 30 miles had to be made from 
Ellichpur, through the hills, over a country devoid of roads except 
such as the troops could make for themselves. The duty of open- 
ing siege works was assigned to Colonel Stevenson's division, 
whilst the General covered the siege to the south, his camp being 
at Deogaon. When once the natural difficulties had been over- 
come the garrison speedily gave way. Colonel Stevenson opened 
his batteries on the 12th December, and on the 14th the fort was . 
stormed with little loss. 

The road to the capital of Berar, which is just 100 miles east of 
Ellichpur, now lay open to General Wellesley. The Raja saw the 
necessity of submission. He opened, with General Wellesley, 
negociations for peace on the 16th December, and a treaty was 
concluded on the following day. He ceded to the British all his terri- 
tory west of the river Warda, and south of Narnalla and (zawilgarh. 
He also ceded the province of Katak and district of BaMstir, and 
undertook to have no Frenchmen in his service, or subjects of any 
other power hostile to the British Government. 

At the same time General Wellesley gave notice to Sindia that 
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the BOBpenaion of hostilities would be terminated on the 27di 
De<sember, if he did not make peace at once. The result was that 
fiinclia followed the example of the Bhonsla, and a treaty of peace 
wms signed at Snrji Anjang^n (a village 15 miles west by south of 
EUidbp^r), on 30th December, 1803. 

By this treaty, Sindia ceded to the Company all his territory in 
in the Doab, including Dehli and Agra, and the fort of Aligarh, as 
well as all other territory north of Jodfapur and Gt)had, except some 
family estates ; the fort and territory of Bharuch ; the fort and 
territory of Ahmadnagar ; and all his territory south of the Ajanti 
hills about Jaulnapur and Gnndapur. He made engagements as to 
the employment of Frenchmen or other foreigners similar to those 
exacted from the Bhonsla. Both chiefs abandoned all claims on the 
territories of the Company and the Nizam, thus putting an end to 
ohanth. Out of the ceded territories the country westward of the 
Warda river, and south of the hills between Puma and Tapti, was 
giTen to the Sdbadiir of the Dakhan. So was the country about 
Aorang^bdd, between the Ajanti Hills and the upper Gt)davari. 
Ahmadnagar and its territory was given to the Peshwa. 

Thus the campaign against the allied Rdjas really ended with the 
year 1803, though of course in those days the news of the treaties 
concluded in the valley of the Ptima could not have reached the 
head quarters of the Bengal army at Biana until the middle of 
January at the earliest. Still, with the exception of the operations 
of Colonel White at Gwiliar, no actual hostilities were carried on 
after the conclusion of peace in the Dakhan. 

One of the most admirable features of this campaign is the skill 
and forethought with which operations covering so large an extent 
of country were, in those days when communications were so 
inferior to what they now are, combined into an almost simulta- 
neous attack on all sides upon the confederate chiefs. It has been 
objected, especially by foreign critics,* that the plan of campaign 
directed against an enemy in a central position, would have 
brought ruin upon the British if they had had to deal with chiefs 
of experience. But abstract criticism, not based on the actual facts 
of each case, is of little value. Not to mention the difficulty 
which Sindia and the Bhonsla would have had in massing all their 
heterogeneous troops, and moving them rapidly over the enormous 

* Brialfflont quoting If. Petit de Banmcoart. Gleig*« Briadmont, 1., 97. 
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distances which would have had to be covered ; if, for iostance, their 
phin had been to overwhelm General Iiake in the Doab, while 
** retaining " General Wellesley's force in the Dakhan ; the 
Governor-General conld safely reckon that the Bhonsla would not 
consent to leave his territories in the Dakhan exposed to attack, in 
order to join in any strategical movement in the Dodb. 

The chronological table which I have prepared, shows the 
sequence of events, and the admirable way in which the operations 
of so many distinct and widely separated forces were combined to 
the common end.* 



Campaign against Holkar. 

We now come to the campaign a^fainst Jaswant Ba,o Holkar ; 
which may be almost said to have begun as the other terminated, 
though it was not actively prosecuted at first. Holkar's movements 
all through the campaign of 1803 were the cause of anxiety to the 
British, and it is indeed surprising that he did not cast in his lot 
with his brother chieftains, in a combined struggle against British 
supremacy. 

Just before the end of the war with Sindia he marched north and 
threatened the territories of Jaiptir. Checked by General Lake's 
movement in that direction, after the battle of Laswdri, he returned 
southwards and plundered Muhesar, a wealthy city on the Narbadda. 
It is said that he obtained in this way as much as a crore of rupees, 
or one million sterling. Holkar had, as you may remember, de- 
feated Sindia under the walls of Puna in 1802 (25th October), and 
now that his army had been augmented by large numbers both of 
horse and foot, which had been disbanded by Sindia after his 
defeats, and which the plunder of Muhesar enabled him to "enter- 
tain " (as it is called in India), he deemed himself singly a match 
for the English. The Governor- General was desirous of avoiding 
war, and so late as the 10th February 1804, sent assurances to 
Holkar, that so long as he refrained from attacking the territorities 
of his Company or its allies he would not be molested. On the 
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2dth January tbe Comtcander-in-Chief, in conformitj with iheee 
MsoranceSy had invited Holkar to send wakils (agents) to his camp 
for the purpose of accommodation, and to withdraw his army from 
the threatening position it occupied ; hut though Holkar responded 
with fair words it was discovered that he was at the same time 
trying to excite revolts in the British provinces, and also to detach 
the Rajor of M4cheri (Alwar) from his alliance* with the British. 
Besides this he vented his spleen hy the harbarous murder of three 
Britieh subjects who were officers in his service. Holkar appears 
at this time to have been encamped somewhere near Tonk, and on 
l-4th February General Lake advanced to Hindan to cover the 
roads leading into the British territories from that direction. 
On 1 6th March two wakils arrived from Hulkar in General Lake's 
camp, and on the 18th propoanded Holkar's claims. These com- 
prised demands for chauth, for certain cessions of territory in the 
Doab and Bnndelkhand, and for a guarantee of the territories 
actually in his possession. Further, he desired that a treaty should 
be concluded with him on the same terms as that with Sindia. f 

Holkar was informed that these demands could not be entertained, 
but nogociations were not broken off, the Commander-in-Chief 
still trjring to induce him to come to reasonable terms. 

Holkar in the mean time intrigued with Sindia, endeavouring to 
induce him to join in a league against the British. But Holkar's con- 
duct during the late campaign had not been calculated to encourage 
Biudia to join him, and Sindia had no doubt learned that even their 
combined efforts were not likely to meet with success. At the same 
tiine he was not sorry to see Holkar attacking the British. Any 
snoceases he might obtain could not but be gratifying to Sindia, who 
had just been beaten by them, whilst on the other hand as Holkar 
was his rival he would be equally pleased to see him worsted. 

Some time in February Holkar also addressed General Wellesley 
by letter, making the same demands as he did on the Commander- 
in-Chief and accompanying them with threats. 

At the end of March he moved into Ajmir, then belonging to 
Sindia, where in the first days of April he levied contributions. 
From thence depi*edations were also committed on Jaipur territory. 
About this time General Lake wrote to the Gx>vemor-General, 
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"If Hoi kar should break into HinduRtdn, he will be joined by the 
Bohillas. I never was so plagued as 1 9m. with this dcviL We are 
obliged to remain in the field at an enormous cost. If we retire ha 
will come down upon Jaipur, and exact a crore from the R&ja» and 
thus pay his army and render it more formidable than ever. * If I 
adyance and leave an opening, he will g^ive me the slip, and get into 
our territories with his horse and bum and destroy."* 

The Governor- General now became convinced that there was no 
hope of maintaining peace with Holkar. On the IGth April he 
wrote both to General Lake and Major-General Wellesley to take 
action against him. 

Qe desired His Excellency to adopt measures to undertake active 
operations in the manner he might deem most advisable, without 
awaiting further orders, f He on the same day ordered Major 
General Wellesley to co-operate with the Commander-in-Chief, and 
desired the Resident with Sindia to prepare that chieftain to act 
in concert with the British forces both in Hindtistdn and the 
Dakhan. The orders for Major- General Wellesley were sent 
through the Resident at Haidardbad, and were received by Major- 
General Wellesley on 7th May at Bombay. He had written a 
fortnight before to General Lake^ g^^i^g the Commander-in-CIiief 
accounts of the strength and position of the troops in the Dakhan, 
in case the necessity of attacking Holkar should arise. 

The force in the Dakhan was 1 Regiment of European and 5 of 
Native Cavalry, 3 Battalions of European and 16 of Native Infantry, 
besides Artillery and Pioneers. In Gujarit (under Col. Murray) 
were: — The King's 65th and 86th Regiments, and six Battalions 
of Native Infantry (one 1600 strong), and two more Native 
Infantry Battalions just joining. 

The bulk of this Gujarat force was in camp about 70 miles north of 
Baroda. Holkar's possessions in the Dakhan comprised only the 
district of Amber, north of the Godavari, half of another which he 
shared with Sindia, Sieugaum§ south of that river, the stn>ng fort of 
Chandur on the Northern Ghats and a few districts in Khandesh. 
General Wellesley said that he should have had no doabt of being 
able to obtain early possession of all of these, were it not for the 
state of the country through which the troops must march. Owing 
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lo ihe distarbanccs of previoiis yoare great scaixsity prevailed in 
the Dakhan, which had become actua] famine. Even at Pdna the 
horses of the dragoons were being fed on rice, the only grain obtain- 
able, and General Wellesley very much doubted his ability to move 
f xom P^na until a late period of the rains, when new grass and new 
crops would have appeared. Boyoud Chandur the country was, he 
aaid, a desert as far as the Tapti, having been the scene of the 
depredation of Sindia and Holkar for some years. 

General Wellesley proceeded to give the Commander-in-Chief 
his Tiews on the plan of campaign, and it is curious to observe, as 
an indication of the then state of geographical knowledge of India, 
that so accuitite a man should believe that the distance from P6na 
to Indtir (the euemy*s capital) was six hundred miles.* 

He goes on to state tliat even if it were possible to reach and 
capture Chandur immediately, it would not be proper to move the 
British troops out of the Dakhan, as an army of freebooters would 
imnoiediately take advantage of their absence to ravage the country. 

His suggestions were : — 1st, That Sindia*s army, strengthened 
bj the subsidiary force attached to him, should bo placed in a 
forward position northward of Tj jain ; 2nd, That the Corps in 
G^arat under Col. Murray should be moved forward re-inforced by 
the Gaek war's cavalry, and he concluded : — 

** These two armies upon Holkar*s rear, while your Excellency 
wonid push him in front, must desti*oy him in a short space of 
time." But if the operations are not to be active, till I can arrive in 
Hindust&n to take part in them, and if it should be decided that 
the British troops are to quit the Dakhan, it would be best to delay 
the commencement of the war, if that should be possible, at least till 
the month of August. 

This letter would probably reach General Lake about the 10th 
Maj, or a few days later than the Governor-Generars orders, and 
would show the Commander-in-Chief that he could hope for no very 
active co-operation on the side of the Dakhan. 

Immediately on receipt of the Governor-Generars instructions, 
Major-General Wellesley sent ordera to Col. Murray, f thus ; He 
assTuned that General Lake's operations would be directed to defeat 
Holkar in the field, or if he should avoid an action, to press upon 
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him so clofiely as to oblige his troops to disperse. This operation 
could be materially aided from Gujarat. 

For this purpose Col. Murray, afler providing for the defence of 
Otijarat, was to move forward with the two King's regiments and four 
battalions of N. I., aud to post himself in such a manner as to stop 
and embarrass Holkar in his flight before the Commander-in-Chief 
as much as possible, and endeavour to bring him to action. General 
Wellesley assumed that Holkar would not retire towards Gtijadit 
for fear of entangling himself amongst rivers which woald become 
impassable in June, but rather fall back towards tTjain. If he should 
do so Colonel Murray was to join Sindia's army with all -speed. 

Major General Wellesley suggests as points on which to march in 
the first instance, either by Ltinaw^ra on Dongaptir to oover 
Gujarat, or by Dohad or Rntldm to be nearer tTjain. He adds that 
Col. Murray's local knowledge may suggest some central point in 
the Banswada district. • Further he informed Colonel Murray that 
he wonld suggest to the Resident with Sindia, that the troops of 
that chief should take possession of Indur without loss of time. 

At the time the Governor- General's orders reached him General 
Lake was in camp at Saolia, a village about 25 miles N.E. of Tonk. 

A few days before (on 18th April) General Lake had detached 
from his camp near Dosa a force of 3 battalions of N. I., f towards 
the city of Jaipur to protect that place, as it was threatened by 
Holkar who had returned from Ajniir. This detachment was 
commanded by Lieut.- Colonel Hon. W. Monson, and it arrived 
near Jaiptir on 21st April. The consequence of this movement was 
that Holkar, who had previously sent his guns, and apparently his 
infantry also, away towards Mdlwa, began to retire rapidly south- 
wards. General Lake advanced on 27th April and, moving slowly, 
was on 8th May at Nawdi about 15 miles N.E. of Tonk. During 
this advance the Commander-in-Chief was preceded by Golond 
Monson's detachment, whilst Holkar was watched by parties of 
irregular horse under European officers. In a few days Holkar 
had fled as far as Kotah, 120 miles South of Jaiptir. 

The general situation, then, about the end of the flrst week in May 
was this; Holkar at Kotah, much harrassed by a hasty retreat 



Notes on the War in Indi», etc, Vol. m. 22. f ^/2n'd, l/12th and 9/12th N. I. 
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throngh a line of country which afiEorded a scanty subsistence to his 
people, because it had been desolated by his own former outrages.* 
The Commander-in-Chief at Naw&i, 15 miles N.E. of Tonk, with 
what remaioed of his army after losses and detachments. Lieut.- 
Coionel Monson a march or so in front of the Commander-in-Chief, 
probably on the Banis near Tonk. Colonel Murray somewhere 
corth and east of Baroda, on the Mdhi river, preparing to advance 
to about Banswdda. 

Sindia's army and the subsidiary force were not yet ready to move, 
'Sindia bad indeed agreed to act as desired, but of this G-eneral 
Lake oonld not yet have been informed.f 

General Lake's force must have been much in need of some repose, 
and it is not surprising that he desired, equally with General 
Wellealey, to postpone further active operations until after the rains. 
Die bot winds in that country are extremely severe, and his troops 
were no doubt already beginning to feel their effects. 

From Naw&i, His Excellency, on 10th May, detached Lieut.- Col. 
Don with three Battalions of N. Infantry,;tsome artillery and 
ewralry, , to capture the Fort of Bampura which lies twenty three 
milee 8.E. of Tonk. Lieut.-Col. Don stormed the place on 16th 
May. Whilst the storm was going on a battalion of the enemy from 
Tank was posted outside the fort on the glacis, and took part in 
tiie defence. Some military stores and a small quantity of grain 
were found in the place, which General Lake in his report to the 
Goyemor-Greneral, calls an important fortress. He adds that the 
culture of the Fort ''puts us in possession of the whole of the 
territories of Jaswant Ba,o Holkar on this side of India. "§ 

HolkaT now hastily recrossed the Chambal, and his rapid retreat, 
togetber with the distance he had placed between himself and the 
Commander-in-Chief, led General Lake to believe it highly improb- 
able that any force acting from the side of Hindustan could bring 
hiff^ to action. The news he received of the preparations in 
G6.jar4t and on the part of Sindia, for combined operations from 
the southward, offered the only prospect of effecting anything 

* Notes OD the War in India, Vol. III., 23. 

t la mj iMt lecture I referred to oritioiams of General Brialmont and others on the 
Mamign agidnst Sindia and the Bhonsla. The plan of the campaign of 1804-6 leema 
maXmon open to criticism, became Holkar, having no ally to consolt, was free to more 
in may directum which might semn best to him. 

1 9gd K. G. S/8, 3/21 (a new Begt.) Lieat.*Col. Don's report, Notee on the War in India, 
ToL in.. Id. 

f Th« F6rt with a territoiy. worth 60,000 rupees yearly was ceded in 1701 to T^kajf 
Btfkmr 1^ the BAia of Jaipur. 
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agfainst Holkar's dominions at that season. Consequently the 
Commander-in-Chief determined to withdraw his main force into 
cantonments for the hot season, leaving Col. Monson with a strong 
detachment of Native Troops* to prevent the return of Holloir 
to the northward. On 18th May, General Lake marched froim 
Nawdi and reached Agra on* 7th Jane, after suffering greatly from 
the hot winds. On one day, 30th May, as many as 19 Europema 
died from the heat out of his four weak regiments ; and on the 2iid 
June even a larger number, whilst 250 native followers were said to 
have died on the same day. ' 

Arrived at Agra the army was broken up; the three regiments 
of British caralry going on to Kahnptir and the rest to vanouB 
stations. 

Without questioning the soundness of General Lake*s decision to } 
withdraw his main force from the field daring the hot weather, it 
can hardly be denied that hie entire dispersion of it was a mistake, 
and we shall shortly see that it led to serious consequences, since it 
left him unable to prevent an irruption of the Mar&tb£s into the 
Doab. 

In May there occurred a disaster in Bundelkhand. Lient.-CoI. 
Fawcett (who was successor of Lieut. -Colonel Powell in command) 
was in camp at Kunch, und had detached a force of 7 companies 
N. I., and 50 artillerymen, to reduce the small fort of Bela, about 
8 miles off. This little force was further broken up, and the result 
was that Amir Khan, a freebooter who had been incited by Holkar 
to invade Bundelkhand, and of whom we shall presently hear more, 
fell upon two companies and destroyed them, as well as the artillery- 
men who were carrying on the siege of the fort, and captured 5 
guns. This so much alarmed Col. Fawcett that he retired up the 
Betwa, leaving Bundelkhand open to the enemy. He was conse- 
quently removed from his command and Lieut.-Colonel MartindeU 
appointed to succeed him ; Bundelkhand was not finally subdued 
until 1809. 

We now revert to Lieut.-Col. Monson's operations. On the 2nd 
June he was joined at Kotah by Lieut. Col. Don, who Irft s 
garrison in Bampura. A detachment of Sindia's cavalry under 
Bdptiji Sindia joined him about the same time. 



* 2/2nd, 2/8tb, 1,12tb, 2/12tb, 2/Sl8t, 2 comp. 2nd Bii. ArtilleiT, Irr. Horn (Lieafc. LaeUi) 
and 6 galloper guns. Artillery, two 12-pomiderB in addition to the 10 bBttaUob g^am. 
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What the precise instructions given to Ool. Monson were I have 

not been able to ascertain. The narrative in the ** Notes relative, 

•tc., etc." (UL, 25,) merely says the Commander-in-Chief 

** directed him to form snch a disposition of his force as should 

oompletely obstruct the return of Holkar to Hinddst^n." Sindia, 

vliofle force should, as well as that of Col. Murray, have co-operated 

with Monson's, does not appear to have done much. We hear 

walking ol him until a body of his troops under Sad^heo Ra,o 

appears on the scene at Khushyal Garh. Col. Murray does indeed 

tfipear to have made some forward movement, but how far it went 

I cannot ascertain. It is probable that, finding Sindia was in- 

aetiTe, he hesitated to carry out General Wellesley's orders. 

Sapier says he was remarkable for indecision.* Meanwhile Col. 

Mxmaoix was moving South. 

On 2nd July he captured, by escalade, the strong fort of Hinglaz- 
garhy about 40 miles south of Kotah. His camp was then at Sonara, 
nd be stated in his report thht Holkar, with the whole of his cavalry, 
afiuitry and guns, was within about 40 miles. Holknr was in fact 
■ear Bampura a small town west of the Chambal, not more than 30 
I idles off- In the days following the capture of Hinglazgarh, Col. 
Konflon moved on, and on the 7th July, being then probably at 
Ihanpnra, he heard that Holkar had crossed the Chambal with his 
ifimtry and guns. 

Colonel Monson was now in a critical position. He had about 
lOOO infantry with 10 or 12 guns, and a body of irregular horse. 
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* In jfiutioe fco CoL Murray it ought to be added that hifi orders were perplexing. Gen. 
jVMMfar wrote as above mentioned on 7th May, but on 13th he wrote agnin Baying that his 
fHikiiM Erom Gen. Lake's camp indicated an intention to delay the attack upon Holkar 
fmiSk Hhm rftini ; and therefore at present Col. Murray waa not to pasg the frontier lost he 
l*AoiiId be exposed singly to Holkar's operations.''^ On 17th he is still unable to give any 
CMttva instmctions, bat says Ool. Murray will ** do well to have an eye tominlH Cjain." 
jl—i noitill 23xid May that he writes "you may now proceed to carrv into execution, as 
nnMiyoo please, my iustimctions of 7th inst. It i^ probable that this letter would not 
9Mak Col. Mnrray before 37th May. 

' a aj p tysi ng Mtirray to have been alreadv near Bansw&da he would be up\\'ard8 of inn miles 
:k»m Ujiiin. Gen. Wellesiey recommends him to join B&ptiji Sindia sl» w)ou hs posnlble, if 
'kl Itad not ST^ne towards Gon. Lake. Now Holkar's force would be on the flnnk of his line 
ttmmreli, if Col. Mnrray hwl moved direct towards Cjain, and it is not surpriKing thnt under 
iie cbvamstances lie should have been cautious. Ho occupie<l ludur on liith August. 

BtoAjl Sindia (Daulet BA.o's commanrler) was stated to he between Holknr (who was neiir 
IttlttB) Knd Mir Khka. (who was alx)ut Bhop&I) and Gen. Wellesiey says the Sordar *' does 
let mocli like his situation." Dettp. n, 263. 

ba faefe both Gen. Lake in detaching Monson without precise instructions, and Major- 
imual Wellesiey in his orders to Murrn.y, seem to hnve noted injudiciously The latter in 
■ta^er to Major Malcolm, 2Mh August, remarks, " I do not think the C-ommanrler-in-Chiof 
"or 1 hwe carried on the war so well by deputies as we did ourselves." The failure does 
mr to have been altogether due to the deputies. Murray commanded in South 
in ISIS, see Napier, Bk. XX., Gh. IV. 



with six *' gallopers," whilst Holkar was in front of bim with a laige ; 
force of horse, foot, and artillery. Monson's first impulse was to 
attack, and there is no doubt that this would have been his wiser ; 
coarse. He at first moved forward, but then lost oonfidenoe mad I 
decided to retreat to the Mokandara Pass. The Mokandara Pass is j 
a narrow winding passage, through a treble line of hills about two ! 
miles wide, which is formed by the outcrop of some of the aandsloiie j 
beds in the Mdlwa Plateau. The direction of the strike is nortlu ; 
west and south-east. The pass is about 30 miles south of Kotah, and ) 
Colonel Monson's camp on 7th July was at about the same distance \ 
beyond the pass. • 

Haying decided to retreat, Monson sent off his baggi^ and stores ; 
at 4. a.m. on 8th July to Sonera, and remained in order of battle ' 
on his ground till 11 a.m., awaiting attack. He then marched, leaving ' 
his cavalry under Lieut Lucan to cover his retreat to Sondra. Lieut. 
Lucan's force was soon attacked by Holkar's cavalry, and dispersed ■ 
owing to the treachery of Bdpuji. At 4. a.m. on 9th he again : 
marched, and reached the pass at noon unmolested. 

Tt is worthy of notice that Hinglazgarh, the capture of which had , 
been represented as so important, does not seem to have been of anj . 
value as a point of support or pivot of operation. 

On the 10th, Holkar made several ineffectual attacks on the paaa 
with a large force of cavalry. Shortly after these attacks had been 
repulsed, Holkar was joined by his infantry and guns, and Monson 
fearing to be cut off from Kotah (by another pass at Ghatoli, 8 or 
9 miles to his right) determined to retreat further. He marched 
on 11th, and reached Kotah early on 12th July, but the Rdja refused 
either to admit him into the town or to g^ve him any provisionB. 
To add to his difficulties, the rains, which had set in with violence 
on 10th, now became incessant, and the country became so beavj 
that the Grdmach Ghdt on the Chambal river (only 7 miles from 
Kotah) was not reached till the morning of the 18th. On that 
day the river was in flood, and though it was crossed next day a 
halt had to be made to obtain supplies from Patau. 

On 15th July, Monson was ready to march, but the rain rendered 
it impossible to move the guns so that he was forced to halt, and by 
the morning of the 16th they were so imbedded in the mud that it 
was impossible to move them. No provisions were left, and Cpl* 
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MonaoD was therefore obliged to spike the guns and abandon them.* 
On reaching the Mej River next day, near the entrance to the Lakeri 
Fms, it waa impassable, and though Col. Monson was able to send the 
Bnropean artillerymen oyer npon elephants on the 18t.h, it was not 
watm the 26th that he got the whole of his force over the stream. 
(9 days delay.) It is surprising that Holkar did not take advantage 
of this obstacle to destroy the whole detachment. A large body of 
kis cavalry did indeed attack on 24th July, but was beaten off. 
The Lakeri Pass is somewhat similar to that of Mokandara and its 
Borthem outlet is about 18 miles from Eampura of Tonk. By the 
29th July the force was collected at Rampura, but without guns, 
and having lost nearly all its camp equipage. 

At Rampura Col. Monson received orders from General Lake not 
to fall back beyond Kotah, which he had already left 45 miles behind. 
Bven if ho had received these orders sooner it would have been to 
no purpose, but now he was not in a position to maintain himself 
eren at Rampura. He had no provisions, and his force was no 
longer able to keep the field. Everything pointed to the necessity 
of retiring, say to Bidna, where he would have found a strong posi- 
tion and oould have received support from Agra. Posted there he 
might still have fulfilled the task assigned to him (of excluding 
Ho lkftr from Hindtistdn) to some extent. Twenty miles from 
Bampnra his road crossed the Bands, now a formidable river, and 
his first care should have been to provide for passing the river, and 
to take advantage of Holkar*s negligent pursuit to do so while still 
anmolested. Instead of this Colonel Monson remained at Rampura 
far more than three weeks, and when he at length moved it was 
without any preparation for crossing the Bands. 

He bad, on 14th August, received a re-inf orcement of two battalions 
H.I., and six guns. He left in Rampura a garrison of a battalion-and- 
a>half of N.I. and four of the guns. With the remainder of his force, 
5^ hattalions and two guns,t he marched on the 21st August for 
IQiaahydlgarh, and on the morning of the 22nd wa^ stopped by the 
Ban&i. Holkar had now come up in force, and the operation of 
crossing the river became very critical. On the 23rd it was im- 
bble, but by good luck three boats yvere found in which the 
and an escort of six companies was sent over. Next day 



* He sent to the B&Js of Bdndi to take charge of them, 
t 2/S, 1/9, lA^ 1/13. 2/13, 6 companies 21st N.I., and 2 howitiers. 
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the riyer was fordable, and the enemy began to ofOBS right and left, 
while Monson was crossing in the centre. The resnlt was thai the 
British had to abandon their two howitzers and all their baggage^ 
and retreat to Khushyalgarh, harrassed by the enemy. 

It is not necessary to pnrsne the retreat of Monson in Airther 
detail. Suffice it to say that on 27th and 28th August he moyed in 
a hollow square, and fortunately produced so much moral effect by 
repulsing the Mardtha attacks, that, though all order was lost on 
leaving Bidna in the night of 28th, the enemy were so much awed 
that no attacks of importance were afterwards made; and the 
survivors were able to straggle into Agra on dlst August. In this 
retreat twenty two European officers were killed, and a large 
number of sepoys. The prisoners were shockingly treated by 
Holkar ; many who refused to enter his service had their noses and 
right hands cut off. 

Whilst all this was going ou. Colonel Murray on 24th'Ang^t 
(on which day Monson was at the Banas) occupied Inddr wiUiont 
opposition.* 

So far however, the failure of Monson more than balanced any 
success achieved by Murray. Holkar, flushed with success, wan 
ready to iuvade the newly conquered territory and the Commander- 
in-Chief with his army distributed in contonments was in no 
position to hinder him. Moreover the Jat Raja of Bhartpur forsook 
our alliance, and joined with Holkar. 

General Lake now collected his army in haste, and on 27Ui 
September it was assembled in camp at the Sikandra, near Agraf. It 
consisted of 11 battalions (the 76th being still the only European 
one except two companies of the 22nd) and seven regiments of 
cavalry including as before the 8th, 27th and 29th Light Dragoons. 
It was organised in four infantry brigades (one in reserve) and two 
brigades of cavalry. 

At this time Holkar was at Mathra, which he occupied on the 
15th September. 

On 1st October General Lake marched from the Sikandra towards 
Mathra. Holkar designed to seize Dehli before the Commander^in* 
Chief could arrive,^ and with this object he despatched thither his 



* See WoUesloy on Monson, Wellington Despatches, II., 384, to Lieat.-Col. Wallaoe. 

t See order of Brigading. Stubbs, I. 249. 
% The force in Dehli was 3i battalions of Native Infantry, 1,200 Matchlock men. 
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ioluitary and guns, while wiih his cavalry remained to amnse the 
ftitiih. On the first day's march no enemy was seen, but after 
ihAt the MadLth& horse hung about the columns of march. From 
ihe 4ih to the 12th the army was at Mathra, on the 7th October 
and again on the 10th, attempts were made to bring the enemy to 
aetion near Aring, about 7 miles from Mathra, but without success. 
The march was resumed on the 12th October, and Dehli reached on 
tliel8tk 

Meantime the Resident, Lt.-Col. Ochterlony, and Lieut.-Col. Burn 
who commanded the troops, had been making a good resistance. 
On tibe news of Holkar's approach Ochterlony called in Lieut.-Col. 
Bom firom Sahiranpur. He arrived with liis battalion on 7th. On 
the 9th the Marath&s erected a four-gun battery to breach the south 
west* angle of the city wall. A breach threatened soon to become 
pnciiciU>le, and Col. Bum therefore made a sortie on 10th, and 
fBOoeeded in spiking the guns. The enemy then threw up another 
battery and breached the curtain below the Ttirkm&n and Ajmir 
gates. This breach was retrenched on the 12th. On 14th October, 
a general cannonade was opened, under cover of which an attempt 
vas made to escalade the city wall near the Labor gate, but it was 
fspfulsed iwd the enemy had to leave his ladders behind. Before 

lining of the 15th the enemy had withdrawn, and made a cir- 
eatioiis retreat to the southwards through the hills of Grtirg^n. 

Although no very systematic attack was made, still the enormous 
[tstent of the walls (7 miles in circumference) and their ruinous 
stale at that time, together with the very small force at the disposal 
[«£ Col. Bum, combined to render this defence of Dehli a memorable 
The name of the gallant [conmiander is perpetuated to the 
IfB Ose nt day in the Burn bastion. 

During the month of October certain successes were obtained 
Itgainst Holkar in the Dakhan. Lieut.-Col. Wallace took Chandur on 
Im 12th» and on the 17th, having left a garrison there, ho marched for 
lOtinAy which he took on 25th ; some smaller forts were taken about 
same time.f These successes placed the whole of Holkar's 
jlariitories in the Dakhan in British hands, as Colonel Murray's 
[CBjptore of Indtir had previously done for the most important part of 
Mflw^ territory. 



* 8.S. in ori^nal report. Bui this is eridentally a miatako. 
t Chand^, Notes m., App. D. p. IX. Galna, Notes, p. 246. 
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Beveriing now to Debli. On the 29th Ootober, Holkar, who had 
been hovering abont with his cavalry, suddenly crossed the Janina 
between P&nipat and Dehli into the Doab. Lieut.- Col. Bam had 
left Dehli on 26th to return with his battalion to Sah^ranpur. 
Holkar overtook him and blockaded him in the fort of Sh^li, a town 
about 64 miles north by east of Dehli. 

On the 31 st October General Lake crossed the Jamna in pursuit, 
with 6 regiments of cavalry and the reserve brigade of infantry 
under Lieut.- Col. Don, and commenced one of the most remarkable 
marches on record. 

Major. General Fraser was to march with the rest of the army in 
persuit of the enemy's iufantry and guns, which had retired towards 

Dig. 

General Lake reached Shdmli on 8rd, having marched 30 miles 

on the previous day, and relieved Colonel Bum. His subsequent 
maroh through Mahmadpur, Barnawa, Khatauli, Mirat, HiLpar, 
Khisganj to Farakhdbad, is laid down on the map which I have 
here.* The enemy always kept 25 or 30 miles ahead, burning and 
destroying as he went along. On the 16th however Aliganj was 

reached and found still burning, whilst Holkar was said to be at 
Farakhdbdd 26 miles ahead. Upon this information General Lake 
determined to make a night march to surprise the enemy. He 
accordingly marched at 9. p.m. with his two cavalry brigades and 
Horse Artillery. f Just as they were mounting news was received 
of a victory at Dig gained by Major-General Fraser over the infantry 
who bad retired from Dehli. 

Encouraged by this good news the cavalry pushed cheerfully on, 
and at sunrise on the 17th November reached the enemy's camp. 

They found the horses still picketed while the men, wrapped in 
their blankets, slept beside them. No outposts of any sort seem to 
have been posted, and the sleepers were rudely awakened by the 
grape of the Horse Artillery and the "galloper" guns. The first 
brigade then charged under Lieut. -Colonel Vandeleur, the 8th 
Light Dragoons leading, and a party of the 8th completely destroyed 
a body of the enemy's infantry. Unfortunately an ammunition 

• Plate VI. 

t Notes on the War in India, App. D. 234, Ist Brigade Lieut-Colonel Vaadelenr, 8ih 
Light Dragoons, Ist and eth Native Cavahy. 2nd Brigade Lienk-Golonel Need, 27th and 
9tn Light Dragoons and 4th Native Cavalry. Horse Artillery* Captain O. Brown. 
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tumbrill had exploded, jasfc as the attack took place, and alarmed 
Holkar, who galloped off with a amall party of horse and escaped 
in the direction of Mainpuri. The British cavalry continued the 
pnrsuit fur 10 miles, cutting up great numbers of the enemy. The 
march of the previous day and night having been just 50 miles, this 
made a total of 70 miles within 24 hours. Considering that this 
feat was performed at the end of eighteen days in which 324 miles* 
had been covered, and under the sun of India, which even in the middle 
of November is still powerful, it must be held to be a very ex 
traordinary performance. All Holkar 's cattle and baggage were 
taken, and 3000 men killed, whilst the completeness of the panic is 
shown by the absurdly small loss of the British ; 2 killed and 18 
wounded. The number of the Maratha Horse has been estimated at 
many thousand, by some as high as 60,000. The enemy's force was 
completely dispersed and fled across the Jamna towards Bhartpur. 

Farakhabad was already at this time a British military station, 
and the inhabitants, on the approach of the Mardthas, took refuge 
in the fort of Fatehgarh. 

After this success General Lake halted for two days before con- 
tinning his march to Dig. 

The victory gained by Major-General Fraser has been already 
alladed to. He marched from Dehli on 5tli November. On the 
10th he arrived at Govaidhan, about 8 miles from Dig, where 
he was joined by the 1st Bengal European Regiment, f 

Dig is a fortified town standing on a rocky site 20 miles cast of 
Hatfara, it then belonged, as it still does, to the Haja of Bharbpiir. 

To the south lies, at a distance of about 2| miles, the large village 
of Kasba Au, standing on a somewhat elevated site, and 1^ miles 
cast of Kasba Au is the village of Umrah. General Fraser*s camp 
on the night of the 11th was near the village of Bheij, 2f miles 
cast of Dig. Between Dig and Bheij was a marsh extending in a 
■onth-east direction between Bheij and Umrah. The enemy, 
24 battalions and a considerable mass of horse with a large train of 
powerful artillery, was encamped between the fortress and the 
Tillage of Au, which protected his left. 

Major-Oeneral Fraser had only 7^ battalions of infantry (two of 



* Arenge 18 miles a day inclnding the day halted at ShixnU. This is measured from the 

Atlas sheets, and is no doubt less than the truth. 

t Now the 101st. The detaclment cumbered 261, see Notes on the War in India, Ac, III., 6. 
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them tiuropean), two regiments of native cavalry, in all less than 
6,000 men, witb 20 light guns, yet he did not hesitate to attack. 

He formed in two columns, infantry on the right, cavalry on the 
left, with the artillery belonging to it on the reverse of each column, 
and in this order marched round the marsh by the south of Umrah. 
Arrived at An, he formed up his infantry in two brigade lines. He 
placed the cavalry od his left to protect that flank against the 
enemy's horse. The ground between Umrah and Au was covered 
with high crops, which sheltered the advance to some extent, but 
nevertheless the columns were observed and fired into. As soon as 
the lines were formed the village was attacked and carried. 

A part of the enemy's artillery had been posted within the 
swamp in a sort; of cul-de-sac, from which they had fired on the 
British camp. These guns, with those in the main line, now 
brought a convergent fire to bear on the British force as it issued 
from the village of Au, and caased considerable loss. Greneral 
Praser fell here severely wounded. Brigadier.G-eneral Monson, 
however, took the command, drove the enemy from all his positions, 
and pursaed him under the guns of the fortress. The results of 
the action were that about 2000 of the enemy were killed, and a 
large number driven into the marshes and drowned, while 87 guns 
of various calibre were taken. The victorv was not achieved with- 
out considerable lo^s, showing that the enemy fought well. It 
amounted to 651 killed and wounded. This is about 11 per cent, 
of the force engaged ; more if we deduct for two battalions left to 
guard the baggage. Major- General Fraser died at Mathra on the 
24th November, from the effects of his wounds. 

General Lake marched from Farakhdbdd on the 20th November, 
and arrived before Dig on the 11th December.* The remains of 
Holkar's army had taken refuge in the town after their defeat by 
General Fraser, and Holkar himself had fled thither from Farakh- 
dbdd. It was therefore necessary to reduce the place. 

You will recollect that a treaty had been made with the Bhartpdr 
Rdja, but the defeat of Monsoa caased his defection, and in the 
battle of Dig, not only did a body of his horse take part against us, 
but the guns of the fort fired on our troops, killing oflScers and 
men. 



* He passed HsthroH, then a etronglv fortified town belonging toaJat Bija, Djar BAm, 
and Hndaan, another strong place belonging to Bagw&n Sing of Bannf . 
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General Lake gpent some days in reconnoitering and waiting for 
Colonel Don's brigade to come np with a battering train from 



The town of Dig is of considerable size, abont 1^ miles by 1 nule 
and the circuit of the walls is 4| miles. It is surrounded by lofty 
walls with round bastions connected by earthen ramparte. Within 
the town is a citadel about 150 yards square, with ramparts 70 te 100 
feet high and 20 to 50 feet thick, surrounded by a wet ditch. 
At the time of the attack the town walls mounted 31 guns of all 
sizes, from 74-pounders to 4-pounder8. 

The point chosen for attack was the south. west angle which is 
formed by a small enclosed work called the Shdh Bdrj, about 50 
yards square, having an exposed masonry wall 36 feet high which 
ooald be breached from a distance. Five huudi'ed yards south of 
this is a detached work called Gopdl Garb. 

On 13th December, General Lake took up a position west of 
the fortress, and the same night trenches were opened. The work 
does not appear to have been very skilfully conducted,* and the 
enemy was in sufficient force outside the place to cause loss and 
annoyance and impede progress. However, by the night of 23rd 
December a practicable breach had been formed and was saccess- 
follj stormed. 

During the night of the 24th December the enemy evacuated the 
citadel, thus leaving the whole place in the hands of the British. 
The loss in the siege amounted to 43 killed and 184 wounded, 
2 European officers amongst the former, and 13 amongst the latter. 

It was fortunate for General Lake that the wall of the Sh&h 
B4rj was capable of being breached from a distance. His batteries 
were 800 yards from the place. He was tetally wanting in proper 
equipment for a regular siege.f Moreover the enemy neglected the 
simplest precautions, neither making any attempt to repair the 
breach nor to stockade or retrench it in any way. It is probable 
that the ease with which success was obtained at Dig had a share in 
bringing about the serious defeat which the General was shortly to 
experience before the virgin fortress of Bhartptlr. 

Having made some arrangements for the security of Dig, in 
which he left the l/4th Native Infantry as garrison. General Lake 



* The outwork called Gop&l-garh, which prolonged the line of fort attacked, ehoold have 

been first captured. 

t A joamal of the siege is in the British Indian Military Repository, Vol. 11. (18ZS), p. 4fi2, 
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marched for Bhartptir on 28tli December, and prepared to attack 
it. He was joined on the way by the 75th Regiment, and a supply 
of stores. 

The general situation at the end of 1804 was this : — 
Holkar, though defeated whenever he could be brought to action, 
still had a large force with him, principally or almost entirely 
horse. His capital, Indur, and the adjoining territory in Mdlwa, 
were occupied by the Bombay force, formerly under Colonel 
Murray, and now commanded by Major-General Bichard Jones. 
The garrison left by General Lake in Rampura, had been well com- 
manded* and had kept open the line of approach of the Bombay 
force, which was now moving north to join the Commander-in- 

Chief.t 

The Rdja of Bhartpiir having joined Holkar, his fortified capital, 
as well as his other forts, such as Khumber, Wer, <fcc., served 
Holkar as pivots for his marauding operations and refuges in 
case of defeat. J 

Major-General Wellesley, in his instructions to Colonel Murray, 
had forbidden him to engage in sieges whilst Holkar was still in 
the field, and in a letter to the Commander-in-Chief himself, dated 
27th May, 1804, General Wellesley strongly urges the necessity 
of giving " this description of freebooter *' no rest, but pressing 
him with one or two light corps until his force melted away. 

If the circumstances of the case justified a siege of Bhartpur at 
all, it should at least have been undertaken with sufficient force and 
a proper equipment. The town has a perimeter of about five miles ; 
it is surrounded by a great mound, rather than by walls, of mud ; 
it has a wet ditch, and it stands in a plain which at that time was 
covered with pools of water. 

It contained a numerous garrison, about 50,000 men, mounted a 
large number of guns on earthen bastions, and Holkar was under the 
walls with a large force. 

The Commander-in-Chief commenced the siege on 2nd January, 
1805 with 7,800 men, all told. He had only six IS-pounders and 
' eight 5| inch and 8-inch mortars. § It was not till the 17th that 
he was re-inf orced by three battalions of Native Infantry. || 



• By Capt. Hutchinson, Bengral Artillery. t It arrived at Bhartp^ 11th Febraaxy. 

X Wellingrton Despatches, Owen's selection, 423. 

§ Two 24-poander8 and a scanty supply of ammunition were brought from Dig on litb Jan. 

11 nie Bombay column did not arrive till 11th February, by which time the siei^ ou^ki to 

have been over. 
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There was scarcely any engineer! njy equipment at all, and the 
engineer branch of the service was represented at first by three 
officers only,* and those not of sufficient rank and experience to 
carry the necessary weight. Attached to the Engineers we*^ 
three companies of pioneers. 

Into the details of the siege time does not permit me to enter,t I 
can only briefly mention the principal facts. 

The army encamped near Bhartptir on 2nd January, 1805 ; a 
battery was begun on the 5th, 700 yards from the Anah gate.{ On 
the 8th a breach in the curtain, about 350 yards north of the gate, 
was pronounced practicable, having been viewed through telescopes. 
On the 9th the enemy stockaded and built up the breach, and that 
night a storm was attempted and repulsed with a loss of 5 officers 
and 64 men killed, 23 officers and 364 men wounded. No approaches 
of any sort had been made. On the 16th a second breach was 
made, about 150 yards eouth of the same gate. From the 17th the 
enemy were busy stockading this breach till the 20th, when a storm 
was attempted. This attempt cost the British 8 officers and 53 men 
killed, 15 officers and 477 men wounded. On this occasion it was 
intended to pass the wet ditch by portable bridges. The notable 
expedient had been adopted of sending three native troopers to 
ascertain the width of the ditch. They gallopped to the edge, 
pretending to desert, viewed it, and reported it to be 28 feet wide. 
The bridges naturally turned out to be much too short and, the 
water being 8 feet deep, the stormers were helplessly massacred on 
the counterscarp. 

On the 4th February, a month after the begining of the siege, a 
parallel was at last opened. On the 6th, the camp was shifted ; 
partly for sanitary reasons, partly because it was now intended to 
make a breach in another place. On the 11th a new breach was 
formed, about 150 yards south of the Anah gate, but no trenches 
had as yet been made to conduct the stormers from the battery, 
which was 430 yards from the breach. By the 20th February, 
when the trenches had bedh made and the assault was delivered, the 
breach had naturally been strongly retrenched. 



* UeatB. Thomaa Robertson, Thomas Wood, H. W. Oaimichael Smyth. Lieats. Biohanl 

Tickell and William Cowper (Bombay) joined later. 

t Flan of Bhartpur, surveyed in 1867-58, under Surveyor General of India ; soale, 8 inches 

to a mile. 
I Journal of the siege is in the British lodian Military Bepoutory, to), V. (1827), p. 1—811, 
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Oil this occasion three columns were formed. One* was to storm 
the Bhim Narayan date, a mile to the right of the breach, which 
was reported easy of access. Another^ was to drive the enemy fipom 
the glacis on the right of the breach (he had made a sortie in the 
morning and held the advanced trench some time) ; while the third 
was the real colnmn of assault on the left^. 

Of these the centre column, under Captain Grant of the 86thy 
alone performed its task. It drove in the enemy and took bis g>ins, 
eleven in number. The right column failed even to reach the 
point of attack. The assault by the left column failed disgracefully. 
Of all the European troops contamed in it the companies of the 22nd 
Kegiment alone responded to the order to advance. The other 
regiments, panic-struck by some idea of a mine, refused to advance, 
and not even the gallant example of the 12th Native Infantry 
which, led by Colonel Don, plants its colours on a tower to the 
right of the breach, would induce them to move. This failure cost 
1 officer and 156 men killed, 22 officers and 692 men wounded. 

Next day the Commander-in-Chief addressed the troops on parade, 
in terms of affectionate right, expressing his sorrow that by not 
foUomng their officers they had lost the laurels which they had 
gained on so many occasions. He gave them an opportunity of 
retrieving their reputation by volunteering. Upon this every man 
stepped forward. Lieut. Templeton of the 86th offered to lead the 
forlorn hope, for which 200 men were selected, and a fresh storming 
party was organized for the same afternoon.* But though this 
renewed attack was made with determined gallantry, it met with no 
better success than the last; and, after a prolonged effort, had to 
withdraw with a loss of six officers and 101 non-commissioned 
officers and men killed, 25 officers and 730 men wounded. 

Losses in the four assaults of BhartpUrf not including the trenchwork. 





OmcxBs. 


Mxv. 




EiUed. 


Wounded. 


Killed. 


Wounded. 


1st ABsaolt 
tnd „ 
9rd „ 
4th „ 


ft 
9 

1 
6 


29 
16 
22 
26 


64 

69 

166 

101 


964 

477 

ees 

790 


Totals 


16 


86 


974 


2969 



1 66th Regiment 900 men, 1st Battalion Bo. Grenadiera, 1/9 Bo. > 86th Regiment 200 men, 
1/8 Natiye Infantry. * His MaJee^s 22nd Regiment (2 companies), 76ih and 76tli 
Regimeni6, the Bengal European Regiment, l/12th N. I., 2/12th N. I., and lA6th N. I. 
* 9ia ICaJesty's 96th, 76th, 86th and 22nd Regiments, l/2nd, 2/16th llatiye Infiuitxy nA 

the Bomhay Greiiadierit 
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With this attempt ended the active operations against Bhartp&r. 
On the night of the 22nd and 23rd the gnns were withdrawn and 
the trenches abandoned. Kext day the enemy triumphantly fired 
the batteries. On the 24th the army withdrew to a position 6 
miles north west of the city, covering the roads to Agra, Mathra 
and Dig. 

The causes of this disastrous failure, by which the army lost the 
service of more than 100 officers and 3,000 men, out of a total 
effective of not more than 12,100 men, are sufficiently obvious. 
General Lake complained that ''neither the abilities, knowledge, nor 
experience" of his engineers "were adequate to the occasion"* 
thus condemning himself for want of judgment in selecting them. 

The journal of the siege records that on the 2nd January, as the 
Commanding Officers of Artillery and Engineers were on their way 
to a first reconnaissance, they were overtaken by Greneral Lake, who 
asked " will the battery be ready to-night ? "f and this impatient 
qnestion gives the clue to the whole causes of the failure. The 
general was evidently totally ignorant of the requirements of a 
racoessful siege, and, having no officer of sufficient authority to 
obtain a hearing, wasted the lives of his men in attempting what, 
under the conditions, was impossible. 

Whilst the siege was going on, a remarkable cavalry operation 
took place in Bundelkhand. On the 7th February, Amir Khan 
(the freebooter who opposed Colonel Powell in Bundelkhand) 
quitted Holkar's camp and crossed the Jamna with a large body of 
horse. Next day Oeneral Lake despatched Major- General Smith, 
with 1,800 men (the bulk of his cavalry) in pursuit. The pursuit 
was so active that Amir Khdn (though he burnt the cantonments 
at Moradibdd) had not time to do much mischief in the country. 
He was at last overtaken on the 2nd March at Afzalgarh, near 
Sherkot on the Ramganga. 

His cavalry were dispersed, and a small body of infantry destroyed. 
In this action Skinner's Horse (now the 1st Bengal Cavalry) took 
part. On the 11th March, Amir Elhin was again surprised at 
Chandpdr near Amroha, by Captain Murray. He fled back to 
Bhartptir, and shortly after into Bundelkhand. Major-General 



* Commander-in-Chief to Goyenor General, Ist July, 1806, Repository, V. 168. 
tThe oAoer't reply waa " how is it poesible ? " to which the {general regained " then it shall 
he Ttmdj to-morrow night, and yon mnst work harder, and get more men.*' See Owen's 

Selections, 486, for ICaJor-General Wellesley's opinion. 
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Smith rejoined the Commander-in-Chief on the 23rd March, having 
covered 700 miles in 43 days. 

General Latke's defeat before Bhartplir, added to Monaon's 
disaster, bore the nsnal frnit of defeats in Asia. Every one began 
to think that the Company*s ikbil was gone.* The RAja of Bhart- 
ptir did indeed still dread Lake's determination, which was evinced 
by continned (though tardy) preparations to resume the siege with 
a proper provision of stores.f Early in March the news of the 
General having been raised to the peerage was received, and the 
RAja took advantage of this opportunity to open negociations. It 
is probable that he was rather tired of his Mardthd allies, who lived 
on his country, and, as shewn by Holkar when his camp was oc- 
casionally beat up by the British, as well as by Amir Khdn, could 
do nothing but run away when attacked. But Sindia, who had 
never agreed to the arrangements about the cession of GwAliir, 
which were demanded from him as part of the treaty of Sui^i 
Anjang4on,J was now emboldened to assume a threatening attitude. 
Soon after Monson*s disaster he, instigated by his minister Sd,o 
Ghatkai, addressed a defiant letter to the Governor-General. This 
letter was intrusted to a wakil who kept it for several months, until 
he was encouraged by our disaster before Bhartptir to present it. 

Early in January, 1805, Sindia, who had been at BurhAnpdr, and 
had promised to go to Ujain, with a view to co-operating against 
Holkar, moved instead towards Bhopdl, much to the alarm of that 
friendly state. On 22nd March, he announced to his Resident his 
intention of marching to Bhartpur with the view of mediating, at 
the head of his army, between the Raja and the British Govern- 
ment. 

On the 29th March, he was actually at Sabalgarh, south of the 
Chambal River, only about 45 miles south-west of DholpAr. 

The position of affairs was therefore serious. Sindia was ap- 
parently on the point of becoming actively hostile, Holkar was still 
in the field, and the Raja of Bhartptir still unsubdued. Lord Lake, 
however, with characteristic determination, showed no signs of haste 
to treat with Bhartpur, but on the contrary " thought proper to 



• See Gen. Wellesley, on 13th January, 1806. Owen, 434. 
t See journal as above ** Making fascineA," 28th February to Qth April, daily mtary. 
t In this he seems to have been right. Bee Hajor-General Wellesley to iCajor 'u ^T ^^ tr hn. 
Owen, 388. 396, 390. 
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" withold every enconragement to his advances • • • until he 
should be well assured of his compliance with every concession " 
required of him. 

On the 8th April, a new battering train and supply of stores 
having arrived, Lord Lake took up a fresh position to resume the 
siege. The Rdja then submitted to the terms required, and a new 
treaty was signed on the 11 th. 

A few days before this (2nd April) Lord Lake with his cavalry 
surprised Holkar in his camp near Bhartpdr, and killed a large 
number of his men in a pursuit of 7 miles. Holkar now retired 
across the Ghambal with the remnant of his army, about 13,000 
men and twenty or thirty guns. On 15th April, he joined Sindia 
in his camp at Sabalgarh. Bapuji Sindia and Amir Khan arrived 
there on 11th and 14th respectively. 

On 21st April, Lord Lake left Bhartpur, and marched to Dholpdr. 
He crossed the Chambal on the 30th April, and joined Colonel 
Martindale,* who had been ordered from Bundelkhand with over 9,000 
men to watch Sindia, and was in camp at Jatdwhar, about 8 miles 
S.S.E. of the present Chambal Railway Bridge. At the news of 
Lord Lake's approach Sindia retired towards Kotah, and several of 
his lesser confederates deserted to the British. Lord Lake's array, 
which now contained nearly 18,000 regulars, was brought up by this 
means to nearly 30,000 men. 

On the 10th May, the Bombay force marched for Rampura, and 
on the 20th, Colonel Martindale's detachment moved off for Bun- 
delkhand. 

In the beginning of June, Lord Laket got his army into canton- 
ments. The 75th and 76th Regts., with the Company's Europeans, 
went to Fatehpur Sikri. and the rest of the army to Agra and 
Mathra. The three regiments of dragoonsj occupied the Sikandra. 

Cantoned in this position, the army was ready to take the field at 
very short notice. Had a similar disposition been made in the pre- 
vious year, it would probably have enabled Lord Lake to rescue 
Monson's detachment, and to prevent Holkar's irruption into tho 
Doab. 



* Colonel Martmdale had arrived here from Bundelkhand on 6th April. He had 10 bat- 
talions, 3^ Bqu«4ron8, 20 j?nn», and Bomc irrefjrulara. 

t Ho left Jat&whar on 26th May. 

t A chBnge of nnmbera oconrred aboat this time. The former 27th and 28th Dragoona 
became 24th and 25th. Thorn, 461. 
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Tlie camp of Mr. Jenkins, the Resident at Sindia's court, had 
been assailed and plundered early in 1805 by some of Sindia's 
people, and the Resident had been unable to obtain redress. He 
had requested his conge in vain, Sindia being no doubt afraid that 
his departure would be the signal for war. In June, Lord Lake 
wrote to Sindia demanding the dismissal of Mr. Jenkins within 10 
days, under a threat of war should he refuse. Sindia replied that 
he only awaited the arrival of a successor. Holkar and Sindia had 
about the same time moved west, towards Ajmir. Shortly after, 
advances were made by Sindia which enabled Lord Lake to reply 
that no negociations could go on until the Resident was permitted 
to leave. Mr. Jenkins was then permitted to take his departure 
with suitable honours.* Everything was now in a fair way towards 
adjustment, when an event occurred which frustrated Lord Lake's 
plans. 

This was the recall of the Marquess Wellesley, and the arrival of 
the Marquess Cornwallis, with a peace-at-any-price policy. 

Lord Cornwallis had held the office of Governor-General with 
distinction from 1786-93. He now returned to India, broken in 
health, and pledged to the Directors to overturn the policy of his 
predecessor. 

On the 19th September, he wrote to Lord Lake to the following 
effect. He was prepared to compromise, or even abandon, the de- 
mand which had been so repeatedly and urgently made on Sindia, 
for the release of the British Residency.* He was prepared, as his 
predecessor had been, to restore Grohad and Gwdlidr, Sindia giving 
up his pensions and jaghirs under the treaty of Surji Anjangaon. 
He considered the possession of Dehli very unfortunate and would 
restore it to Sindia, who was to be allowed to re-establish Maratha 
power in Hindustan. Lord Wellesley had made the Chambal our 
frontier towards Central India. He was prepared to withdraw to 
the line of the Janina, and to abandon all the minor chiefs between 
these rivers, with whom defensive alliances had been lately formed. 
Dholptir and other districts were to be given back to Sindia, and the 
Raja of Jaipur was to be left to settle with him as best he could. 

In sending this letter to Lord Lake, the Governor- General enclosed 
one for Sindia to the same effect. Lord Lake witheld this letter, 



* Xiord Wellesley bad now made up his mind to restore Oohad and Owiliir 

t MiU, VI., 626. MMvbman, II., 187. 
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pending the reply to a remonstrance* which he addressed to Lord 
Comwallis. Before it oonld reach him the Gt)vernor-Q«neral was 

dead.f 

On the death of Lord Comwallis, Sir George Barlow, a Bengal 
civilian of mediocre abilities, became acting Governor- General. 
He had energetically assisted Lord Wellesley in his policy, but now, 
having fonnd that it was unacceptable in Leadenhall Street, was just 
as eager to nndo it. He even went beyond anything that Lord 
Comwallis woald have sanctioned, for he held that anarchy iu the 
native states was a guarantee of the security of British India.. ^ 

Fortunately Lord Lake's negociations with Sindia were so far 
advanced, that they were not very materially influenced in their 
conclusion by the change of policy. || With Holkar it was different. 

Holkar and Amir Khdn having quitted Sindia, proceeded to 
Ajmir. Holkar collected an army of about 12,000 horse, 3,000 foot, 
and 30 guns, and marched northward in September (after vainly 
trying to induce the Rdja of Jaipur to join him), with a view of 
gaining the Sikh chieftains of Sirhind (Patidld. Nabha, Jhind, &c.,) 
over to his side. His line of march was through Shekawatti, skirt- 
ing Alwar and Bew&ri to Dddri, in Jhajhar, where he left his 
infantry, guns, and 1,000 horse to harry the British territories. He 
himself went on towards Pati41d. 

Lord Lake was instantly in motion. On 10th October, the troops 
at Agra and Fatehplir marched for Mathra. The Bombay Division 
from Bampura was directed on Shekawatti, a force was sent towards 
SahiLranpiir, and another to Bew4ri to protect the Doab, whilst 
Lord Lake himself started in direct pursuit, with 5 regiments, (18 
squadrons) of cavalry, the reserve brigade of infantry, and the 
Horse Artillery. 

There is little more to be said about this part of the campaign. 
The march was not very rapid, except for two or three days at the 
end. It is remarkable chiefly as being the first occasion on which 
the Satlaj was crossed by a British force. The spectacle of Holkar 
flying before the British was not one calculated to enlist the Sikhs 
on his side. Holkar was therefore obliged to sue for peace. Very 
favourable terms were granted. He renounced all claims on the 
territory north of the Chambal and on Bundelkhand and^ like Sindia, 



• Abstract, see Mill, VI. 620. t Died at Ghazipur, 6th October, 1806. t Mill, VI., 634. 
D The renimciation of right to contract treatiob with Ilajpiit chiefs was a serious exception. 
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agreed not to employ Europeans without the consent of the British 
Government. He was to relinquish all rights to Rampnra (of 
Tonk) and all claims on the Raja of Bundi, and he was to return 
to his own territories by a defined route, without injuring the terri- 
tories of the Company or its allies. On the other hand he was to 
receive back the forts and territories taken from him south of the 
Tapti and Godavari. 

Sir G. Barlow altered this treaty when ratifying it, and alledging 
that they would b6 the cause of troubles and expense, left to Holkar 
the territories north of Chambal.* But he did worse. In spite of 
the remonstrances of Lord Lake, he deliberately made over to 
Holkar*s vengeance the friendly Rajas of Bundif and Jaipur. It 
was not long in falling on them. Holkar should have been ordered 
to accompany, or precede, the British Army oii return to Hindustan. 
Instead of this he was left to follow, and no sooner was the Com- 
mander-in-Chief across the Satlaj, than he began to pillage the Sikhs. 
Harrilina had been granted to one Abdul Sanad for his services. 
Holkar ravaged the country, and levied contributions on it. Lord 
Lake requested Sir G. Barlow to defer his renunciation of the Jaipur 
alliance until Holkar should have gone home. But Sir George 
insisted on declaring the renunciation immediately, for fear the 
British Government might have to resent Holkar's proceedings. 
Holkar responded by extorting 18 lakhs of rupees from the unfortu- 
nate Raja, after which he proceeded to punish the Raja of Bundi for 
the assistance he had given to Colonel Monson. 

Thus were the advantage gained by so much exertions and hard 
fighting frittered away by the weakness of Lord Wellesley's suc- 
cessor. Worse still, the good name of England was stained, and 
confidence in British good faith rudely shaken. Lord Lake had 
shortly after to receive at Dehli, J from the mouth of one of his 
agents, the bitter reproaches of the Raja of Jaipur, reproaches 
rendered all the more bitter by the consciousness that they 
were well deserved. 

Central India was abandoned to a state of anarchy, and when at 
last Lord Hastings had to re-settle affairs in 1817, an army of 
100,000 men was required for the purpose. 



* Be did the s&xne with Sindia. f Who had helped Mon«on in his dlBtress. 

t urn. Book VI., 541. 
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Note. — ^The eyents of 1805 have certain points of resemblance to 
those of 1881. In 1805, as in 1881, we had just closed a series of 
snccessfal military operations and greatly extended our influence 
and obligations. In both cases we hastened to withdraw, as if 
alarmed at our own daring. In 1805 Dehli was considered an em- 
barrassment, though we did not absolutely throw it away, like 
Kandahar in 1881. Then, as in 1881, it was asserted that we could 
not find a more advantageous frontier than a river, and the Jamna 
was the prototype of the Indus. Then, as of late, arguments for 
withdrawal were sought in finance, and page upon page of figures 
may be found purporting to prove that, far from being a source 
of strength, the acquisitions of the Marquess Wellesley were no 

better than a positive loss. * 

M. M. J. 



• MiU, Book VI., Chap. 13. 
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CHBONOLOGY OP THE CAMPAIGNS. 



1802. 
Dec. 31 

1803. 
February 

April 20 



Ang. 



7 
8 
21 
29 

»> 
Sept. 4 

11 

14 

17 

18 

21 

23 

24 

Oct. 4 

10 

n 
14 

17 

21 

27 

Hot. 1 

2 

8 

14 

23 

28 

Dec. 4 

14 

n 

21 
27 
80 

1S04 
Ibb. 4 
27 



Treaty of BasBain. 

Madras force concentrated at Harihar under Lient. -(General Stnart, 

Ck}mmander-in-Chief in Madras. 
Major-General Wclleslej enters Puna. 

Oampaion against Simdia and thk Bhonsla. 

General Lake marches from E4hnpur. 
Major-General Wellcsloj takes Ahmadnagar. 
Lient.-Golonel Murray marches from Baroda. 
Greneral Lake's action before Aligarh. 
Lient.-Colonel Murray takes Bharuch. 
Greneral Lake captures Aligarh. 

„ ,, gains the battle of Dehli. 

,, ,f enters Dehli 
Lieut.-Colonel Woodington takes Powangarh. 
Colonel Haroourt takes Jaganndth. 

„ „ f, Balasur. 

Major-General Wellesley gains Battle Assaye. 
General Lake Marches from Delili for Agra. 

„ ,, arrives before Agra. 

„ „ winH action before Aj^Ta. 
Colonel Powell defeats Sharashir Bah^dhar in Bundelkhand. 
Colonel Powell takes Barabatti. 
Fort of Agra capitulates to General Lake. 
Asairgarh surrenders to Colonel Steyenson. 
General Lake leaves Agra. 

„ „ gains Battle of Laswarf. 
Colonel Harcourt occupies the defile of Bermuth. 

„ „ marches from Laswdri. 

Gteneral Lake concludes treaties with Jaipur, Alwar, and Johdpiir. 
Suspension of hostilities in the Dakhan agreed to between Sindia 

and Major-General Wellesley. 
Major-General Wellesley gains battle of Arg^n. 
Colonel Powell takes Ealpi. 
Major-General Wellesley takes G&wilgarh. 

„ ,, makes peace with Raja of BeHL 

GSeneral Lake detaches Lieut.-Colonel White to Gwiliir. 

„ „ reaches Biana. 
Major-General Wellesley makes peace with Sindia at Surjf Anjaa- 
gion. 

Fot of Owiliar surrendered to Lieut.-Colonel White. 
SindiA becomes a party to a treaty of alliance between British 
CtoremmCTit, the Feahwi, and the Nizam. 
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OaMPAIOV A0AIN8T HoLEAE. 



1804 

Feb. 9 
April 17 

May 15 

If 
Jnne 2 

6 

Jalj 2 

>} 

»> 
8 

9 

10 

30 

Aug. 21 

24 

31 

Sept. 27 

Oct. 1 
14 
31 

Nov. 6 
13 
17 

Dec. 24 

1805. 

Jan. 2 

9 

20 

Feb. 20 

21 

23 

March 2 

April 11 

30 

June 

Oct. 10 

Deo. 2 

9 

25 

31 

1806. 
Jan. 9 



If 
1} 



If 



t» 



ft 



ff 



If 



General Lake moyes from Biana. 
at Dosa. 

detaches Monson to Jaipur. 
Lien t. -Colonel Don takes Rampura of Tonk. 
Holkar retires behini the Chambal. 
Lient.-Colonel Don joins Monson at Eotah. 

General Lake reaches Agra, and his army goes into cantonments. 
Monson takes Hin^lasgarh. 
moves to Tipla. 

jt Gurrats. 
retreats through Sonara. 
,, at Mokaudara. 
Holkar attacks Mcnisou. 
Monson reaches Kanipura. 
,f leaves Rampura. 
Murray occupies Judur. 
Monson reaches Agra. 
Gronoral Lake at Sikandra. 

„ ,f marches for Dohli. 
Attcmpteil storm of Delili by Holkar. 
General Lake crosses the Jamna in puranit of Holkar. 
Major- General Fraser leaves Dehli. 

,, ,, gains the Battle of Dig. 

General Lake routes Holksir at Farukib&d. 
Capture of Dig. 



Siege of Bhartptlr opened. 

First assault of Bhurtpur. 

Second 

Third 

Fourth „ 

Siege raised. 

Amir Kh&n defeated by Major-General Smith at Afzalgarh. 

Peace signed with Rija of Bhartpdr. 

Lord Lake in camp at Jatiiwhar. 

cantons his army at Agra and Mathra. 

marches for Mathra. 

reaches Ludi4na. 

at the Beds. 
Holkar makes peace. 
Review of Lord Lake's army on the banks of the Be4a. 



fi 
f> 



ff 



ff 



ff 



If 
tf 



ff 



ff 
ff 
ff 
ff 



Lord Lake begins his return march. 



Appendix III. 



NOTE ON THE BATTLE OF DEHLI. 

I hflrve had some difficaltj in ascertaining the actual position of the battle- 
field. The name given to it is misleading, and there is ai*tnally a pillar not 
far below^ Patparganj, with an inscription to the cfiFcct that it marks the 
field of battle, which wonld scera at first sight to be very stn^ng evidence. 
But this did not agree with the mileage given in the itineraricB of the inarch. 

The original despatch of the Commander-in-Chief (printed in Bengal Papers) 
does not mention the name of any of the villages on the battlefield, nor does 
the accompanying sketch of the action give any names. Moreover, this sketch 
is not to any scale. 

The narrative of the Governor-General (Bengal Papers, page 248) states 
that the army made a short march to the west of Sikandrdbad on the 10th, 
and that on the llth it made a march of 18 miles to its encampment near 
the Jehnah nullah (about six mtlen from Dehli) before the action. The 
Govomor-Genernl adds that the battle was fought within view of the minarets 
of Dehli. Major Thorn, who was not present at the battle — his regiment, the 
29tli Light Dragoons, having been detached as mentioned in the text — also 
Enentions the minarets, and says that after the battle the whole army encamped 
on the l.>anks of the Jamna, opposite to Dehli. 

6nt the "Survey of the Rente of General Lake's Army," by Lient. Car- 
michael Smyth (see list of anthorities), shows that neither the Governor- 
General nor Major Thorn is correct. On this snrvey each halting-place is 
jQ2Lr^ed hy a sketch of a double-poled tent and a Union Jack with date of the 
CMMnp- The distances, as measured from this map, have been compared with 
those on the modern maps of the same country, and with the table of marches 
in Henley's Code. 

Tliese all agree very well together. What was the main road of that day 
Yuna in this part mnch nearer the Jamna than the present Grand Trunk road, 
%xi<l the crossing of the Hindan was at a point about nine miles below Gh4zi- 
i^.4}£xi.iiagttr. This old road runs through Sikandr4bad and Surajpur, and by 
8*d.d.arpur and Chalera to Patparganj and Dehli. The crossing of the Hindan 
or Jenah nullah was about eleven miles from Dehli, instead of six only. 

prom a careful comparison of the maps and distances, I am led to believe 

ibrnt. the actual position of the battle was as shewn in Plate V., and that the 

^inaffeB on the Marithd line of battle were Saddarpur, Agapur and Baraula, 

while a Tillage with square enclosure (shewn on the sketch) in front of the 

vy'B linOi and where the Commander-in-Chief formed up his infantry line, 
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The marej of the route showa the distance from the halting-gronnd of the 
10th to the first camp of the 11th, on the Hindan, to hare been a good twenty 
miles, and the camp, after the action between Chalera and Hoshigarpnr, 
abont three miles farther on. This second camp was still nearly six miles 
distant from Patparganj, and nearly nine from Dehli. 

No doubt the minarets would be visible, as the intervening country is per- 
fectly flat. They are visible from near the present Grand Trunk Boad crossing, 
and the distance is about the same. 

1 am at a loss how to account for the pillar near Patparganj. Perhaps some 
one of my brother-officers, who may be serving in that part of India, would 
send me some information about it. I have been disappointed in my endea- 
TOUTS to get the matter investigated on the spot, owing to the frequent moves 
of officers in India, 



, 



Appendix IV. 



KOTB ON MAEOHES IN THE MABATHA CAMPAIGNS. 

late Sir George Pomeroy-Colley, in a leotnre on Marches, deliyered on 

MUb Jamiary, 1873, at the Royal United Senrice Institution, spoke as follows : — 

** I belieye that the records of onr Indian wars, of Lord Lake's Mar&thi 

"ounpai^na, and, more recently, of some of the flying colnmns daring the 

* mntiTiy y contain the most remarkable examples of sach feats. Unfortunately, 

■from tlie diflicolty of finding the places on the map, and identifying names, 

*ii is often impossible to verify them." 

It Beetns, therefore, that a more particular notice of some of these marches 

the limits of the text would admit of may not be devoid of interest. 
The three really remarkable marches in the campaigns are : — 
1. Major-Gtoneral Wellesley's in October and November, 1803. 
S. General Lake's, in pursuit of Holkar, in November, 1804. 
t. Majc>r-(}eneral Smith's, in pursuit of Amir Ehin, in February and the 
kginning^ of March, 1805. 

The first of these is probably the most remarkable, as it was performed by a 
thole army, with g^uns and impedimenta ; but I regret to say, I have not been 
dile, even with the assistance kindly afforded to me by Mr. Saunders, to lay 
Idwd its course on the map. As stated in the text, the names are very inac- 
•nately g^ven in the despatches of the Major-GreDeral, and many despatches 
kfe no local date at all. But, in the hope that some of my brother officers, 
yAo may be employed in that part of the Dakhan, may be inclined to look the 

{mate up on the ground, a table is annexed of such halting-places as are given, 
li^ther with references. 
The second march is shown on the diagram (Plate YI.), which gives the 
Aeets of the Indian Atlas on which it can be traced. The distances in the 
Maezed table have been measured from the Atlas sheets, on a scale of 4 miles 
ti 1 inch, and are, therefore, less than the actual distances covered. 
Tbo force consisted of three brigades of cavalry and the reserve brigade of 
fuitry, under Lieut.- Colonel P. Don. 

The third march was performed by cavalry only, with horse artillery.* Its 

can be traced with tolerable accuracy on the sheets of the Indian Atlas, 

40, 58, 66^ 67, and 68, and from them the distances given in the following 

ttbls hare been taken. They are, therefore, somewhat under the actual dis- 

oorared. 



* i^ STih, and IMi Light Dragoons; Itt, Sid, and 6th Bengal Cavalry, sad Horse 
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Table I. 
March of Major-General Hon. A. Welleslkt, between the Battles of 

Assays and ABOAxnr. 



1803. 



Sept. 23 



24 

25 

26 

27 

28 

29 

80 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 



Oct. 



11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 



Place of Camp. 



Assaye. 

Halt at Assaye. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 



Authority. 



Well. Deep. I., 



50 miles N. of Anrangabad 



Waukory. 
Ajanti. 

30 miles N. of Anrangabad 

Birkenholey. 

Phoolmnrry. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

16 miles N.of Phoolmnrry 
Pahlood. 
Adjnntee. 



Ferdapoor. 

Ditto. 

Ditto. 
Adjnntee. 
Pahlood. 

Phoolmnrry 
Anrangabad ? 

Nanndair Warry, 4 kos") 
N.E. of Pnttnn. S 



Do., Page 419 






429 
433 



(t 



»» 



434 
438 
441 

Owen, 314 
Well. Dosp. I., 

Page 443 
446 



)> 



it 



it 



it 



458 
454 
456 



458 



tl 


462 


}> 


468 


If 


466 


l> 


472 


»» 


475 


ft 


477 



>) 



477 



Remarks and Referenoes 

to Sheet of Indian 

Atlas. 



Defeated the 
rate Rdjas. 



Confede- 



References to Well. Desp. 
are to Edition of 1834. 



Sheet. 88. 



Poolmnrree. — Sheet 38. 



'' Halted on 14th & 15th, 
and marched on 16th. *' 
WeU. Desp. I., 454. 



'* Descended the Ghat. 
Well. Desp. I., 469. 



" Passed Anrangabad on 
29th.— W.D. I., 481. 

" This is my second halt 
from the bottom of the 
Ferdapoor Ghant ; the 
distance is, I beliere, 
nearly 100 mflee." 
Well. Degp. I., 477. 
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ICabch of 



Tabli I (Continued). 
tfuoB-QiinBAL Hon. A. Willislkt, bktwbsn thx Battlis of 
AsBAYE AND ABaAUM. (Conttfvued) , 









Bemarks and Beferencea 


1803. 


Place of Camp. 


Authority. 


to Sheet of Indian 
Atlas.! 


Not. 1 


CheeBekair. 


Well. Desp. I., 
Page 400 




2 


Ditto. 


Do., 481 




8 








4 








6 








6 








7 








8 








9 


Chitchooly. 


„ 491 


Sheet 65. 


lO 








11 


Jaam. 


„ 494 


Sheet 65. 


12 








18 








14 








15 








16 








17 








18 








19 


Iwankoad on the Payxi 








Gunga. 


» 611 




20 








21 








22 








28 


Bajoorah. 


n 514 


Sheet 65 P 


24 








26 






'* Descended the Ghauts." 
Well. Dosp. I., 628. 


26 








27 








28 








29 


Parterly. 




Battle of Argaum. — 

Sheet 64. 


30 


Ditto. 


„ 528 





The halting places are taken from the dates of letters and reports in the 
Wellington Despatches. 

Sngg^estions by Mr. Saunders. 

Parterly is Patoolla on Indian Atlas ; now called Pathulda. 

Ferdapoor seems to be Farhadpur in sheet 38| latitude 30° 35', at foot of 
Ajanta Pass. 

Nanndair is Kandoor on sheet 38 ; 4 kos N.E. of Pultun. 

Pahlood is Pilode on Scott's map of the Poniusula, and corresponds with 
Podwuth on the Indian Atlas, sheet 38. 

Cheesekair. Scott has Cheetchkaira on the road between Poolmurree and 
Ajanta. 

Chitchooly and Jaum are on the northern edge of the hills south of 
Ballapoor. 

Bajoorah Pass is said in the Berar Gazetteer to be the Gh&t south of 
P»thoor, B.E. of Ballapoor, but is differently placed on Scott's map. 
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Tabli n. 

MaBCH of ObNBBAL Ii4KB IM PUB8UIT Of HOLKAB. 



1804. 


From 


To 


Miles. 


Bemarlu. 


Oct. 81 


DehU 


Lonf 


10 




Not. 1 


Loni 


B^hpat ... 


14 




2 


Bighpat ... 


K&ndla ... 


27 




3 


K&ndla ... 


ShimU ... 


11 


Believed Colonel Bom. 


4 


Halt. 






6 


Sh&mli 


Mahmadpiir 


12 




6 


Mahmadpiir 


Bamawa . . . 


19 




1 


Barnawa ... 


Khatanlf ... 


26 




8 


Khataulf ... 


Mirat* ... 


21 


• Became a cantonment in 1809. 


9 


Mirat 


H6par 


20 




10 


H&par 


M^agarh ... 


19 




11 


M^ilgarh ... 


Shikdrpnr ... 


18 


Crossed the K41i Nadf. 


12 


Shik^pnr ... 


Pilhannah ... 


20 


Passed Fort of Komons. 


13 


Pilhannah ... 


Korija Ganj 


18 




14 


Korija Ganj 


Ehasganj ... 


23 




16 


Ehasganj ... 


Sirpnra 


19 




16 


Sirpnra 


Aliganj 


23 




17 


Aliganj 


Farakhdb&d 


26 


In addition, porsnit lO miles ont 
(Thorn, 891), making 46 miles. 



Total 325 miles in eighteen days, or ayerage of 18 miles a day, including the 
halt. The Infantry Brigade was at Aliganj on 16th. 

FoBCB.— His Majesty's 8th, 27th, and 29th Light Dragoons ; 1st, 4th, and 
6th Native Cavalry, and the Horse Artillery. Also the Beserve Brigade of 
Infantry nnder Lient.*Colunel Don, consisting of 2 companies of His Majesty's 
22nd Regiment, and 3 battalions of Native Infantry, viz. :— 1st and 2nd 
battalions of 12th Native Infantry, and 2nd battalion of 21st Native Infantry. 
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TiBLi m. 

Mabch of Majob-Gbkkbal Smith in fubsuit of AmLsl KhIm. 



1806. 


From 


To 


Dis- 
tance 
Miles. 


See Thorn, p.431, and 
Stnbbs I., 297. 


Feb. 8 


Bhartp^ ... 


Mathra ... 


26 




9 


Mathrft .*. 


Camp in the Doib 


8 




10 


Gamp 


7 miles N.E. Joir 


18 




11 




Aligfarh ... 


20 




12 


Aligarh 


Near Komons ... 


16 




13 


Komoiia ... 


P4nagarh 


22 


« 


14 


Panagarh ... 


Puth 


24 




15 


Puth 


Grarmaktesar and 










Komadina Ghat 


18 P 


Where is KomadiM t 


16 


Halt. 






17 


Komad&na... 


Amroha... ... 


25 




18 


Amroha ... 


Moradabad 


21 




19 


Halt. 






20 


Moradabad 


BiLmpur 


— 




21 


Bampiir ... 


Ghappara 


23 




22 


Ghappara ... 


Shergarh 


— 




23 


Halt. 






24 


Do. 






25 


Bhergarh ... Milak 


23 




26 


Halt. 






27 


Milak 


Moradabad 


84 




28 


Moradabad 


Kdnt 


21 




ICaroh 1 


K&nt 


Badali 


— 




2 


BaddU 


Afzalearh and 




"^ Passed Skerkot defeated 






C3 

Bkerkot 


...» 


> Amir Khin, and retomed 


8 


Halt. 




) to Skerkot. 


4 


Sherkot ... 


Shergarh 


19? 




6 


Shergarh ... 


Moradabad 


19? 




6 


Moradabad 


Ganahan river ... 


9 




7 


Ganahan riv. 


Ghandans^ 


84 




8 


Ghaodaiis^.. 


Bamganga river 


23 




9 


Bimganga... 


On Ghandansi rd. 


20 




10 


Gamp 


3 kos from 
Sambhal 


14 




11 


Halt. 






12 


Gamp ... Amroha 


83 




13 


Halt. 






14 


Amroha 


Eomad&na 


22 




16 A 16 


Komadina . 


Bah&dnrganj ... 


}35 


Grossing the Ganges. 


17 


Bahidarganj 


Jehdngirabid ... 


^ ^ 


18 


Jeh&DgiriLbad 


Komona 


22 




19 


Komona 


Kool 


21 




20 


Koel 


Beyond Joar ... 


26 




21 


Joar 


Mathra ... 


16 




22 


Mathra 


No name given... 


26 




23 


Gamp 22nd 


Bhartpur 





FoBCB. — 8thy 27th, and 29th Light Dragoons ; 1st, 8rd, and 6th Bengal 
Cavalry ; Horse Artillery. — Aboat 1,800 men in all. 



Appendix V. 



AUTHORITIES CONSULTED. 

In many oases the anthority is indicated in the foot notes, and a list of the 
full titles of the yarions works is giyen below. I most specially aoknowled^ 
the assistanoo I have reoeived in the topography from Mr. Trelawny Saonders, 
G^grapher to the India Office. 

List of Authobitiis. 

Wellington Despatches, Vols. I. and II. 

Thornton's Gazetteer of India. 

Mill's History of British India, third edition, Yol. VI. 

History of the Mahrattas, by James Grant Doff, Esq., 8 Vols., London, 1826. 

(Geology of India, Medlicott and Blanford. 

A Sketch of the Mountains and Bi^er Basins of India, by Trelawny Sannders, 
Geographer, India Office. 

Elphinstone's History of India, original edition, 1841. 

History of the Bengal Artillery, by Major Francis Stubbs. 

Military Bopository, No. 2 and No. 3. (This book is in the India Office Library). 

Thorn's Memoir of the War in India, (India Office Library, No. 11)., from 1803 
to 1806. 

Notes relative to the late Transactions in the Marhatta Empire. (3 volumes 
in red Morocco ; in Political Department of India Office j presented to the 
Court of Directors by the Marquess Wellesley.) 

Bengal, also Fort St. George and Bombay Papers, presented to the House of 
Commons. Printed by order of the House of Commons, 5th and 22nd of 
June, 1804. (Record Department, India Office, No. 82.) 

Accounts and Papers, X. of 1805, XVI. of 1806. (House of Commons Library). 
Marshman's History of India. 

A Selection from the Wellingt(m Despatches, by Sidney J. Owen. 

Survey of the Route of H.E. General Lake's Army in 1803 and 1804. By 
Lieut. Carmichael Smyth ; original forwarded to Court of Directors. (In 
(Geographical Department of India Office). 
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Plan of Campaign proposed hj H.E. General Lake, with Bemarks by the 
GrOTemor-Oeneral, and Explanations by the Commander-in-Chief. Mannscript 
in Military Department, Calcutta (Referred to in the printed Bengal Papers, 
at pages 156 and 159.) 

Siege of Bhartpiir. Creighton. (India Office.) 
Malcolm's History of India. (India Office.) 
De8];>atchos of the Marquess Wellesley, Vols. III. and 17. 
Text-book of Indian History, with Geographical Notes, Genealogical Tables, 
eto. The Rot. G. A. Pope, London, 1880. 

Memoirs of John Shipp, late a Lieutenant in H.M. 87th Regiment, 8 Vols, 
(in R.U.S.I. Library) 

Roate March of the Army under the personal command of the Commander-in- 
Chief. Appendix to Abstract of General Orders and Regulations in force in 
H. E. I. C. army on the Bengal Establishment to 1st February, 1818. 
(This book is in Military Department of India Office). 
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Table 


OF LOSSIS IN THE 


DnfFERENT Actions. 




Name of Action. 


Force Engaged. 


Killed and Wounded, 
and Missing. 


Per-centage 
of Losses. 


Battle of Dehli ... 


about 4,500 


461 


10 


. „ Assayo ... 


„ 8,000 


1,566 


nearly 20 


., Agra 


n 4,600 


229 


5 


„ Laswirf ... 


„ 8,000 


822 


oyer 10 


„ Argaum ... 

1 


„ 13,000 


339 


under 3 


„ Dig 


nnder 6,000 


651 


11 


Four Assaults of ) 
Bhartpur ) 


12,100 


8,000 


25 
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PAPER IV. 

BLASTING OPERATIONS 

AT 

TIMLIN'S NARROWS, BERMUDA, 

In 1879-81, 

By Lieutenant C. K. Wood, R.E. 

(Communicated by ihe Oommandtng Boyal Engineer ^ Bermuda.) 



1879. 

The work was first started on the 9th of September, 1879, in 
accordance with the wishes expressed by his Excellency the Q-ovemor. 

Owing to nnaToidable reasons the work had to be carried on at 
first from Boaz ; and the men and boats were taken to and fro daily 
to the work at Timlin's Narrows, by the steam launch. The distance 
was great and mnch time and money was thus spent on the journey. 
In addition to this it was very hard work for the men, as we 
paraded at 7 a.m., and often did not get back to Boaz until 6 p.m., 
breaking o£E for about half-an-hour in the middle of the day for 
lunch, which they took with them ; storms of rain were frequent, and 
the men had often to come home a long journey wet through to the 
skin. This was obviated, however, about the middle of October by 
Uie men being moved to Agar's Island, which is only about half-a- 
mile from Timlin's Narrows. 

Owing to" the late season of the year I received orders not to 
make any preliminary survey of the narrows channel and the ree& 
that bordered it, as it then existed, previous to blasting, but to 
commence blasting at once, as there was little time to spare. Accord- 
ingly the actual work done in 1879 cannot be recorded on any 
chart. I nmy, however, here remark that the soundings on Hinson's 
Island were almost identically the same as those on Flaie I., which 
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now accompanies this repoit, made from a survey taken in October 
1880, the reason being that little or no work was done upon that 
side in 1879. 

The reef, however, on the N.W. side of the channel had a sheer 
face on the channel side, there being only 3 or 4 feet over it at low 
water quite close to the buoy, and being in portions actually un- 
covered at low water. The rock on this reef was very hard, but 
being under-cut and full of holes on the channel side, it was very 
favourable for blasting, and the work progressed very rapidly. A 
single charge of 20 lbs. of gun-cotton often brought away three or 
four solid blocks of stone, weighing 3, 4, »5 and sometimes as much 
as 8 tons. Later on, however, we came on a softer vein, more like 
hard clay and shells; this was hard to work in, as not only did the 
charges not work to such good effect, but what work they did do 
was all broken into small rubble and sand instead of large blocks. 
On weighing we found that about 15 cubic feet of this rock went to 
1 ton. 

The boats used on the work were as follows : — 1 cutter, 1 gig, 
1 dinghy, 1 lighter. The cutter, a submarine mining boat, was used 
as a diving boat. The lighter, lent by the Admiralty, was fitted 
with a joggle in the stern and a strong winch amidships; she was 
naed to haul up the dehrls and then remove it into deep water. The 
gig and dinghy were used to run the warps out to the buoy, and for 
general purposes ; tliey w ere both submarine mining boats. 

The first thing done in the way of work was to lay out three 
strong moorings, with 7-cwt. sinkers attached, in deep water, in 
different directions, clear of the channel but adjacent to it, about 200 
yards off. The object of these was to have three places to warp the 
Hghter to, where she might lower away the debris well clear of the 
channel. The particular mooring, chosen to warp the lighter to, de- 
pended on the direction of the wind and tide. Other moorings, with 
only 5-cwt. sinkers, were also laid down, and used for getting and 
keeping m position the diving boat and lighter when at work, by 
means of warps leading to them. 

The moorings being laid down and all stores collected, the blasting 
and removal of the debris commenced. 

The charge cases were made of zinc cylinders manufactured for 
the purpose ; the zinc stood well at such small depths of water. The 
charges were in three sizes, viz. : — 5 lbs., 10 lbs., 20 lbs. The ex- 
plosiye used was gun-ootton, with platinum wire detonators. The 
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reasons why such small charges were nsed was that, owing to the 
rock being full of holes, as above described, and mnch shaken by 
blasting in former years, these charges were more economical, and 
had the additional advantage of not shattering the i-ock into small 
fragments as larger charges did. The largest charge nsed was one 
of 50 lbs., and this only once, when it broke the rock into snch small 
pieces that I did not again attempt a large charge while the rock 
possessed the character and form above mentioned. Of course the 
best positions for the charges were chosen either in holes or cracks, 
or better still under overhanging projections. In the latter case 
they were placed by the diver in coiToct position ; but often they 
could be lowered away from a boat and directed into correct position 
by the aid of a water-glass, without the assistance of a diver at all. 
The charges were invariably fired by 10 cells of a firing Leclanch^ 
battery. 

The plan adopted for the removal of the large blocks of stone 
loosened by the blasting was as follows : — 

The lighter was warped into position alongside the diving boat, 
only end on to it, with her stern next to the diving boat, and with a 
warp leading from the bow to the mooring buoy, as shown in 
Fig. 1., Plate II. The chain which leads from the winch over the 
stem joggle was then passed to the diver, down below% who placed 
it round the block of stone to be removed ; when secure, the winch 
was worked till the stone was raised sufficiently from the bottom, 
then the lighter was warped away into deep water and the block 
was lowered ; this being done the lighter was warped back into 
position for another stone. 

In order to allow of the stone being lowered away without the 
assistance of divers the chain was arranged as follows : — 

At the end of the chain was a large ring, through which the stand- 
ing part was brought so as to form a loop ; in the middle of this loop 
another chain was fastened on by a ring, which yfnn called the trip- 
ping chain, see Fig. 2., Flate II. 

By a glance at the figure it will be seen that when the loop is 
pat round a block of stone, and the strain taken on the standing part 
which leads over the joggle to the winch, the loop is tightened and 
the stone held securely, and thus the stone may be raised by work- 
ing the winch to a level with the top of the water, or, as was 
generally the case, to a level with the keel of the lighter. 

To lower away the stone yon have merely to take up the slack of 



128 

the tripping chain and make it fast inboard, then walk back on 
the winch ; this loosens the standing part, and the strain coming 
on the tripping chain gradually pnlls the standiog part through the 
ring, till the loop is large enough for the stone to fall out. This 
plan was never found to fail. Care, however, must be taken that 
the distance from the ring at the end of the chain to the tripping 
chain be less than the diameter of the stone, else the loop cannot be 
tightened on the stone. 

In cases where the rock was mere rubble, a box holding about 22 
cubic feet of stuff was lowered away and the diver filled it with 
rubble ; the larger rubble being hoisted off the ground by the aid of 
a hook-rope, the hook of which was moused and a loop formed by 
passing the standing part through it, and guided into the box bj 
the diver. The box was filled with very small stuff by the diver, 
using a galvanized iron bucket and ordinary garden hoc ; he put the 
bucket between his knees, scraped the small stuff into it with the 
hoe, and then emptied it into the box. The box when full was raised 
by a winch, warped away, and emptied by a tripping chain attached 
to the bottom. 

Owing however to the hard nature of the rock little or no box 
and bucket work was done in 1879. 

Not only did the work progress very rapidly for the reason stated 
in the last paragraph, but, also, at first, owing to the shallowness of 
the water, I employed, simultaneously with the divers in proj^er 
dresses, two very excellent divers out of the Company, who worked ! 
without dresses or apparatus, putting chains round blocks and laying 
charges. These men could put the smaller chain i*ound blocks of 
stone at a depth of 10 feet, and one of them could lay charges very 
satisfactory at about 15 feet. 

The greatest number of cubic feet of debris ever removed in one 
day of eight hours work was 750 cubic feet. The average was abou'ii 
270 cubic feet; when it came to box work with one diver at workir 
6 boxes or 132 cubic feet could be removed daily. With tw^ 
divers at work at once, 9 boxes or 198 cubic feet. 

The daily average of men employed was : — 

Making up charges ... ... ... 8 

Steam launch ... ... ... 5 

Timlin's Narrows ... ... ... 17 

Total 25 
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When the partj was moved to Agar's iRland this nnmher wan 
x«daced to 20 men, as the lannch was not then required. 

The number of days on which work was actually done at Timlin's 
Narrows was 50. 

The amount of debris which was actually removed during this 
peri€>d and lowered away into deep water was 12,250 cubic feet. 

It is estimated that about 7,750 cubic feet were loosened by blast- 
ing, but not removed, being left at the bottom as small stuff. 

The amount of gun-cotton expended in 1879 was 550 lbs., the 
"work done by this gun-cotton, as shewn above, was 22,000 cubic feet. 
The average work done by every pound of gun-cotton was 40 cubic 
feet of rock. This is large, but it is accounted for by the fact of 
the favourable condition of the rock, and also that from the previous 
work, years ago, many blocks of stone remained which had only to 
be removed, not blasted. 

Owing to the detachment being required at Head-quarteve, to go 
through the annual practice in submarine mining, the work was 
stepped on 29th November, 1879. 

1880-1. 
In accordance with G-eneral Order of the 27th September, 1880, 
the proposed detachment of the 28th Company, R.E., required for 
carrying on the woik at Timlin's Narrows, was moved to Agar's 
Island on the 29th September. 

The detachment of Hoyal Engineers consisted of : — 
1 lieutenant, 1 sergeant, 1 first corporal, 1 bugler, 15 men. Total 
1 officer and 18 men. 

The men were quartered in a building called the cooper's shop, 
kindly lent by the Commissary General of Ordnance. The officer 
was quartered in a tent. 

The boats employed were : — 1 pinnace, 1 launch (pulling), 1 gig, 
1 dinghy. The [linnace, a submarine mining boat, was used as a 
diving boat. The launch was lent by the Admiralty, and used as a 
lighter for removing the dehria ; she was fitted with a suitable 
J^^e, and a winch amidships ; this was the only boat they could 
l^d UB, but being very high out of the water and very large 
^^ was nut so handy as the lighter lent in 1879 ; in strong breezes 
she was somewhat unmanageable, cowing to her holding a good deal 
<rf wind. The gig was a submarine mining boat, used to take the 
l*fty to and from Agar's to work, also in laying warps. The dinghy 
▼M hired by the late Colonial Sui'veyor, as there was no submarine 
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mining boat available, and the work conld not proceed without on« 
she was nsed for the same purposes as the gig. Most of the moo 
ings having been laid down in 1879, a few new ones only we :> 
required. The launch and pinnace were kept moored in 
sheltered position at Timlin's, the gig and dingbj at Agar's. 

For the ^rst few days the men were employed getting ston 
together and making an accurate survey of the reefs at Timlin' ^^» 
soundings being taken every five feet. 

A plan on n scale of 20 feet to one inch (Plate I.) is attached tr- ^ 
this report, showing the soundings as taken in October, 1880, befotr""* 
commencing to blast. 

This year we started on the N.W. side of the channel, where w^ ^ 
had left off in 1879, but finding that all the hard rock had bee '^^ 
removed as far back as it was intended to widen the channel, aft^ ^ 
firing a few charges I settled to commence work on the Hinso:*^ 
Island aide. 

The reason for abandoning the work on the N.W. side wa»« 
twofold : — 

1st. — Owing to the soft nature of the rock — a sort of hard clay aa <3 
shells — it was all small stuff when blasted. 

2nd. — As there was only a slight face of but three feet to work oi3 
the charges were not effective. 

Accordingly I came to the conclusion that it was best to leave 
it till the last, then fire several charges over its surface to break it 
up, and then let the dredge cut through and remove it. 

Having settled to start blasting on the Hinson Island side and to 
take off a corner of that shoal, it was necessary to determine tli^ 
best spot at which to start. After a careful examination a very 
favourable spot was found, where the fii-st charge might be laid- 
This was at a small re-entering angle of the shoal, about eighteen 
feet to the south of the White Channel buoy; the reasons (or 
choosing this spot were very numei'ous, the chief of which were : — 

Ist.— It waa the most projecting point of the shoal. 

2nd. — In addition to there being a slight re-entering angle, there 
^-as a sheer face at that point of about three feet, a fall from fifteen 
feet on shoal to eighteen feet in channel. 

3rd. — This was evidently a portion of hard rock jutting out, and 
a deep narrow crack ran up from the angle into the shoal. 

We first put in a small charge of 10 lbs., which widened the crack 
Bufl^cieutly to enable us to put in a 5 -lb. charge at about five feet from 
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^^ end, and, following the crack ap in this way, wo eventually put 
' *i large charge of 40 lbs., which turned a large portion of the rock 
^o the channel in large blocks, leaving a face on the shoal of about 
'e feet in depth, and a depth of water at its foot of eighteen feet at 
^st ; we then worked along the shoal to the south, being careful to 
^p a good face all tlio time, as in surface blasting with gun-cotton 
Js most essential to get a face to work on, otherwise a good deal of 
a force of the gun-cotton is expended uselessly. 
In these operations the difference of work done by a charge against 
^ce or on a slope was very marked. 

Til this way we worked along till we came out into deep water, 
> lit 85 feet from the White buoy, having taken a strip of shoal away 
>xit 15 feet in width, and that to a least depth of 15 feet H.W. 
^Ve now started to work back again to the White buoy, taking it 
'1< at starting only another five feet, but gradually getting broader, 
"to nearly 20 feet at the White buoy ; in returning we were careful 
>iit the charges so that we had always a re-entering angle, and in 
a way the charges worked to great advantage ; indeed, we often 

in behind the rock, which gave better results still, as the next 
-r*ge had three sides to work on. What is meant will be better 
J-orstood by a glance at Fig. 3., Plate II. 

t^ie piece ACD, hatched from left to right in Fig. 3, shows the 
*^ion already deepened, the piece hatched from right to left shows 
"fc to be removed. (7 is the cliarge, and'the dark hatching shows the 
' V)able crater ; ^4 Z? is a face varying in depth, and from B it runs 

to nothing at I>, which is the edge of the channel, 
^y putting the charge thus in the re-entering angle at the foot of 

face we kept a face of about six or seven feet. 
Vfter firing a charge all the dcltris was removed to a depth of at 
^t 15 feet before firing another charge; subsequent chargep, 
'V'ever, often covered up our previous work with a foot or so of 
^U debris, which we did not remove, as it would have been mere 
^te of time and money to clear this away by divers with box and 
^\cet when the dredge was expected. 

^y this method we made certain that the rock was blasted and 
*oken up all over to at least a depth of 18 feet, and it was intended 

^at the dredge should, at the conclusion of the work, dredge this 
<J^r/» up. 

The character of the rock along this shoal was on the whole of a 

oft nature, like that previously descnbed, with veins of hard rock 



cropping np every now and then. The proportion of hard rock be- 
very small, the chain described in the report on the operations 
1879, was very little used, and the debris was chiefly removed by 
divers putting it into a box and then warping it away, as descriT^e^^ 
in the report above referred to. 

As in 1879, two divers could remove about 198 cubic feet, and 
when only one diver was at work six boxes or 182 cubic feet wa5 
about the average day's work. Owing to the removal of one of onr 
divers for employment on the ** Carolina Z,"and his subsequent death, 
we had not a sufficient number to work two simultaneously, except 
just at first, and thus the work did not progress as fast as it might 
have done. 

For this tolerably soft rock charges of 50 lbs. of gun-cotton were 
found most effective, they generally cut alongthc face about eight feet 

The cases for these charges were at first made of zinc, but latterly, 
having procured some empty six gallon oil cans, they were adapted 
as charge case?, and much time and money was thus saved. A tin 
plate was carefully soldered over the bung hole, care being taken to 
clean the iron well, in order that the solder might take on it. A 
circular hole, about five inches in diameter, was cut in the same end 
of the drum, to which was soldered securely a tin cylinder about Rix 
inches in diameter and four inches long, thus leaving a shoulder of 
half-an-inch all round at a, see Fig. 4., Plate II. 

The primer was made as follows : — A tin tube was made abont 
ten inches long and one and a half inch in diameter ; about two 
inches from one end a flange plate was soldered on to this, and again 
about four inches from that another flange, also circular, was soldered; 
each flange was about six inches in diameter, so that it could just 
fit into the tin cylinder soldered on to the drum, see Fig. 5., Plate IL 
The flange B was not, however, slipped or soldered on till the veiy 
last thing. Through this tube two electric wires were led ; the^e 
were held in position and the whole made water-tight by running a 
composition into the tube in a molten state ; the composition con- 
sisted of pitch, paratin and tallow. The fuze and 2-lb. dry primer, 
all in a water-tight bag, were connected on to these wires with a 
water-tight joint at C The charge-case having been (>acked with 
gun-cotton discs and the primer above mentioned inserted, the flange 
A rested on the shoulder a of the drum ; the tin cylinder was then 
packed tightly with damp clay, which forced the flange 2I on to tbe 
shoulder a, and prevented any fear of the solder touching and firiog 



the charge. The flanpfe B was then soldered on to the small tube 

contwiiijig t}ie wires, the edges of the cylinder were turned over, 

the whole well soldered, and the charge was complete. This descrip- 

"On of charge case worked very well. 
OW chain or pieces of scrap iixin were attached to the charge in 

^^f to sink it. The charges were sometimes fired by ten cells of a 

™igLecIanche battery, and at others by a quantity-dynamo. 
The average number of men daily employed on the work up to the 

12th of December was 20, made up as follows : — 17 at Timlin's Nar- 
rows, 3 at Boaz making charges. 

From the 12th December the average was 18, made up as 
follows: — 16 at Timlin's Narrows, 2 at Boaz making charges. 

Prom the 19th October to 31st March the total number of days 
lost, owing to bad weather, was about 30. 

The actual number of hours of work done on the job was 17,430. 

The number of cubic feet of debris actually removed into deep 
water was 11,700. 

The amount estimated as blasted but not removed, being lefl at 
the bottom as small rubble and sand, was 1 1,300 cubic feet. This is 
the amount that could be removed by dredge without any further 
blasting. 

The amount of gun-cotton expended upon the work up to the 31st 
March, 1881, was 1383 lbs. Thus the work done by 1 lb. of gun-cotton 
averaged ^^^, or nearly 17 cubic feet. 

Plai^ I. shows clearly the work done in 1880-1, the portion removed 
having a wash of yellow over it; as stated on the tlnte, tlie 8()un(liiii:8 
shown over the portion removed are liot now probably coiTect, as 
debris has fallen upon it by successive charges. This was intended 
to be rapidly and cheaply removed to a depth of at least 17 or 18 feet 
by the dockyard dredge, but owin^ to her having been condemned 
bj the Admiralty and broken up she was not available. 

Very little work has been done on the N.W. side of the channel this 
year, and the weather has not permitted of a survey being made in 
time to show on F(ate 1. the work done. 

In conclusion, seeing that ^7*1 lbs. of gun-eotton arc unexpended, 
I would propose to complete the blasting operations as originally 
intended, which the recent bad weather has prevented, viz., to cut 
away to a depth of 15 feet the remaining portion on Hinson Island, 
also as shown by red tint on Plate I., and also the corners of the 
reef on the N.W. side, as shown by red tint. 
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It is estimated the amount of cubic feet to be removed to carry 
this proposition out would be about 2,000 cubic feet. 

Taking a day's work from previous data as 132 cubic feet, this 
would take about 16 workin": days. 

As the stores are already in hand the only cost would be that of 
working pay; taking this as 6d. a foot the cost would l>e £oO. 

As a dredge cannot be obtained ifc might be worth while to try 
and remove the debris over the work already done with a spoon ami 
bag, this would certainly be quicker than using a diver, and much 
less expensive if it could be managed. 

C. K. WOOD, LiKUT. R.E., 

Officer ill CI my p. 
Agar^s Island^ 

12a April, 1881. 



APPENDIX I. 
Showing Total Cost in 1879. 

The total cost in 1879 was as follows : — 

£ 8. d. 

Working Pay ... ... 120 18 3 

Local Bills ... ... 15 12 9 

Admiralty Stores ... ... 19 

Gun-cotton and Fuzes ... 75 



£230 11 
The local biHs included tin, zinc and solder for making the charo-e 
cases, chain, and small stores generally. 

The Admiralty stores consisted of ropes for the warps used. 
All the above sums of money were paid by the Colonial Govern- 
ment in 1879, with the exception of the gun-cotton and fuzes, which 
were lent from the submarine mining stores for the work at Timlin's 
Narrows and have been settled for in the accounts of 1880-1. 

The average cost per cubic foot of debris actually removed into 
deep water was — 

Working Pay 2\d. per cubic foot. 

Stores 2d. 



Total 4^ 
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The average cost per cubic foot remoyed and blasted was :- 
Working Pay l\d, per cabic foot 

Stores 1-^. „ 



Total 2^ 



0. K. W. 



APPENDIX II. 
Showing Total Cost in 1880-81. 

The total cost of work done in 1880-81 was : — 

£ 8. d. 

Working Pay 284 5 10 

Local Bills 13 15 8 

Stores, Ordnance Store Department 259 6 2 

Total £557 7 8 

The local bills were for small stores, snob as zinc, tin, solder, etc., 
purchased from Mr. Black. 

The total of the bills for stores from Ordnance Store Department, 
paid for by the Colonial Government in 1880-81, was £430 8s. 4d. 

But of these, 550 lbs. of gnn-cotton and 143 fazes, amounting to 
£75 Os. Od. come against and are included in the expenditure for 1879. 

677 lbs. of gun-cotton and 100 fuzes, amounting to £96 2s. 2d., 
are still in hand unexpended, making a total of £171 2s. 2d., which 
has to be deducted from £430 8s. 4d. in calculating the value of 
Ordnance Store Department Stores consumed up to 31 st March, 
1881. 

The cost per cubic foot of dehris actually removed was : — 
Working Pay 5|d. per cubic foot 

Stores 5f „ 

Total say Is, „ 

The cost per cubic foot of stuff removed and blasted was :^ 
Working Pay 3(i. per cubic foot 

Stores 3c2. „ 



Total 6(i 
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This increase of cc^t per cubic foot is dne, as previously stated 

the character of the rock having changed from hard rock, ^ 

favourable cracks and holes, to solid rock of a soft nature, causinf 

1st. — A greater expenditure of gun-cotton per cubic foot remoii 

2nd. — A much greater time and, consequently, expense 

removing the debris. 

C. K. W 
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PAPER V. 



DEMOLITION OF THE BARQUE "CAROLINA Z," 



IN THE 



HARBOUR OF ST. GEORGE'S, BERMUDA, 1880-1, 

By Lieut. C. Penrose, R.E. 

(^Communicated by the Comvianditig Royal Engineer^ Bermuda,) 



. The barque " Carolina Z " was of the following dimensions : — 

Length (over all) ... 154 feet. 
Breadth... ... ... 32 ,, 

Depth of hold ... ... 24 „ 

She had been scnttled, when on fire, and run aground on a clean 
hard bottom, out of the channel and anchorage of St. George's 
Harbour. 

The following were the depths (at high water) : — 
At her bow ... ... 29 feet. 

Amidships ... ... 32 „ 

Astern ... ... ... 35 „ 

The bowsprit, catheads, and a small portion of the forecastle 
showed above water at low tide. The vessel was laden with Indian 
com, in bulk, of which she contained from four hundred to five 
hundred tons at the time of her destruction. 

The vessel was in good condition, very strongly built, and little 
injured by the fire which caused her to be scuttled. 

She had been lying at the bottom for over a year. On the 2nd 
November, 1880, the military authorities were requested to destroy 
the vesael in accordance with the decision arrived at by the Gbneral 
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Board of Health. All expenses connected with the operations to Ix^ 
borne by the Colonial Government. 

On the 4th November, the C.R.E., by the request of His Ex- 
cellency the Major-General Commanding, undertook the work, and 
ordered a detachment of the 28th Submarine Mining Company, R.E., 
to proceed forthwith. 

The services of a civilian diver having been engaged, owinof to the 
R.E. divers being employed on the oi)eration8 at Timlin's Xarrc^ws, 
on the 15th Xoveml>er an examination and survey of the vessel were 
made. In making this examination it was found necessary to blow 
in the after-hatch with a small charge, the explosion of which 
liberated a very large quantity of foul gas from all parts of tlie 
vessel, but cliiefly from the forecastle, from which gas escaped for 
about ti?n minutes. 

It was decided to destroy the sides of the vessel throughout those 
portions which enclosed the grain, endeavouring at the same time to 
disturb and blow away as much of the com as possible. With this 
object, on the 30th November, 1880, two mines, each consisting of 
270 lbs. of guncotton, in service mine cases, wore placed, with the 
assistance of a diver, one in the main-hold (ft), the other in the after- 
hold (fi). (See Figs. 1, '2, 3, in accompanying sketches.) 

These charges were So feet apart, this distance being regulated by 
the distance apart of the hatches, the depth of water, and the 
estimated eiTect of the above mentioned amount of guncotton. The 
centre of eac;h charge was 27 feet l^elow high water. 

A third charge of 270 lbs , which would otherwise have been 
similarly placed in the fore-hold (see c. Figs. 1 and 3), was omitted 
on account of the liability of damaging houses and vessels in the 
neighbourhood. 

The explosion was postponed until the wind should blow from the 
N. or N.E., and this delayed it imtil the 7th January, when it was 
decided to wait no longer. 

The result of the simultaneous explosion of these two charges was 
to blow out the centre portion of the sides of the vessel and of the 
main and upper decks. The main and niizzen masts were brought 
down, the lanyards of the rigging having been cut awaj previously 
by the diver. 

The diver reported that the corn was blown out of the vessel, and 
that she was opened right through from side to side for about 60 
feet amidships. (See Fig, 4.) 
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The forepart of the vessel and part of the stern stood, although 
much shaken, the decks, up to the foremast, being heaved up. 

The forepart of the vessel being now so much blocked up with 
uvreckage it was impossible to place the next charges inside, so that 
tvro charges, each of 130 lbs., were, on the 13th January, placed under 
the bilge with a view of destroying that poHion of the vessel which 
still contained a good deal of the rotting grain. Tliese two charges 
(see Fig. 4) wei-e at a depth of 30 feet, and 20 feet apart. 

This explosion (Ikh Janairy) carried the desbmction of the sides 
and bottom as far as the bitts — 20 feet from the stem, and brought 
down the foremast {F'uj. 5.) 

On the 18th January, a charge of 100 lbs. guncotton (F*^. 4) was 
placed in the stem of the vessel, at a depth of 18 feet, and 15 feet 
from the stem-post, in order to complete the destruction of the 
after- run of the vessel. 

This charge, which wa« fired the same day, destroyed the after-run 
and cleared away the decks right aft, only a small portion of the 
rail and bulwarks being left. 

The foregoing explosions effectually destroyed the vessel as a focus 
of foul and unhealthy gases, but the forecastle and a small portion 
of the stem, as well as some loose detached pieces of wreckage, still 
remained to block the water-way. 

Instructions having been received to clear away these portions of 
the vessel, on the 3rd February, one charge of 200 lbs., was placed in 
20 feet of water just aft of the bitts, 20 feet from the stem, room for 
the placing of this charge having been cleared by the explosion of a 
small charge of 25 lbs. {Fig. 5.) 

The explosion of the 200 lb. charge, together with that of a second 
small charge of 25 lbs. placed close to the stem in the strongest part 
of the ship, effectually cleared away the bows of the ve.<5sel, as well 
as a large quantity of wreckage which had collected there, — the 
results of former explosions. 

On the 15th February, five small charges, amounting to 90 lbs. 
guncotton, were fired with a view of clearing away the wreckage of 
the three masts which had sunk head downwards and become 
entangled in the wreckage, and also to blow away some loose pieces 
of wreckage which were visible 6 feet or 8 feet below the water. 

The stump of the main-mast anchored by the wire rigging was 
left to buoy the site of the vessel. (Fig, 6.) 
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The foregoing explosions completed the work asked for bj the 

Colonial Grovernment. The work was mnch delayed throngh having 

to wait for wind from certain quarters as well as on accoant of bad 

weather. 

COOPER PENROSE, 
ISth April, 1881. Lieut., R.E. 



APPENDIX I. 

Notes on the Operations connected with the Destruction or 

THE Barque " Carolina Z." 

The first two charges were contained in the service 250-lb. mine 
cases. 270 lbs. were placed in each case, the loading-hole end of the 
case not being concreted as on service. The primers were contained 
in primer envelopes, service pattern. The two 130-lb. charges used 
in the second explosion were made np in the service 100-lb. water- 
proof bags, the primers being enclosed in the now obsolete water- 
proof primer bags. 

All the remaining charges were made up on the following plan, 
which has the recommendation of being extremely cheap. The 
charges moreover take a very short time to make up, and their effect 
seemed to bo just as great as if they had been enclosed in more 
costly cases. The discs are made up in strings of from 8 to 14 in 
each string, according to the size of the charge (25 lbs. to 200 lbs.) 
required. These cylinders of discs are then arranged round the dry 
priming charge, which is enclosed in a water-tight case. This water- 
proof envelope was composed of two of the old water-proof priming 
bags well rendered with pitch, the nnpitched bags being found to 
leak at any considerable depth. The charge takes the form of an 
hexagonal prism when bailt up in the manner just described. This 
prism stands on a small square platform of wood, and a similar plat- 
form is placed on the other end. Four iron bolts with nuts and 
washers hold the charge together in a compact mass, enough pi-essure 
being applied by means of the screw nuts to squeeze some of the 
moisture out of the wet guncotton. The discs cannot now absorb 
any more water when placed in the sea, and the charge remains 
effective as long as the primer remains dry. The detonators used 
were those supplied for submarine mining service — No, 12, Low 
Tension. 
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The large charges were fired from a distance of 400 yards, a piece 
of cable being laid just before the explosioa. Short ends were con- 
nected to the mines when laid, and these were brought up to the 
surface and fastened to the rigging. An earth- plate was also 
connected to the forward 270-lb. mine, so that we were able to test 
eairh mine sepai'ately for conductivity and insulation. This testing 
i^as carried out twice a week during the six weeks that elapsed 
between the laying and firing of the charges. The smaller charges 
were not tested, as they were fired as sodu as laid. The effect of the 
charges of 270 lbs. was very great. These charges were place l j ust 
a little deeper (27 feet) than the mo»t favourable depth for ateral 
effect, as obtained from Capt. Abney's formula: — 

D = &7 lbs. (charge in lbs.) '•' 

in this case, 28| feet. 

It may be assumed from these operatlonf!, that a 270-lb. charge in 
27 feet of water will destroy the side of a wooden ship at 23 feet 
distance horizontal, besides shaking the vessers timbers within a 
radius of 35 feet. 

The mines were fired with a battery of Firing Leclanche cells, 
20 being used with long cables and 10 with the short ones (small 
charges). 



APPENDIX II. 

Statement showing Number of Men Employed, and Guncotton 
AND Monet Expended on the Destruction ok the ** Carolina Z." 

The work was commenced on the 4th November, 1880. 
The work was completed on the 15th February, 1881. 

Total number of working days — 25. 

r 1 Officer, 
Strength of working party \ 7 N.-C. Officers and men, 

averaged daily ... ... y 1 civilian diver employed on four 

V, occasions. 

Amount of gun-cotton used — 1320 lbs. 
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Cost of operations : — 

iS s. d. £ s. d. 

Working pay — 

Officer 12 10 

Military working party... ... 19 2 li 

♦Civilian diver 9 18 

41 10 U 



Value of Ordnance stores ... 219 1 11 
„ Local stores .. ... 5 10 



225 7 



Total... £2GG 17 10^ 



• The civilian direr was a remarkably ffood one, and as he hod already b«^u employed in 
Bomo attemptti to niise this ve*8cl he wns well actiuuinted with herstate inside, wj that much 
time was saved at the pruli miliary examination. 



DEMOLITfl 
"CA* 





-'^ ?^' 








: i 

I I 



t I 



I I 



PAPER VI. 

ACCOUNT OF THE CONSTRUCTION OF 

RIDGES OVER THE KABUL RIVER, 

NEAB JALALABAD, 

JRING THE OPERATIONS IN AFGHANISTAN, 1880, 

By Captain R. H. Brown, R.E. 



Object of the bridge. — During the operations in Afghanistan, of 
^9-80, it was considered desirable to construct a bridge over the 
^ul River at Jalalabad, for the purpose of facilitating the collec- 
ts of supplies, and for certain political reasons. 
Ascription of river at site of bridge. — The site chosen for the 
^ge was the same as that of the preceding year,* where the 
bal River is made up of three channels, and divided by sandy 
^ds more or less covered with boulders. {Plate I.), 
^he channel under the right bank was 167 feet wide, with a 
*test depth of 3 ft. in., and a current of nearly 5 feet a second, 
^Hce velocity. (Plate II., Fifj. 1). 

^he centre channel was 70 feet wide, 2 ft 9 in. deep at the centre, 
b a sluggish current of alx)ut 1 foot a second. (Plata II., Fij. 2). 
l^he third and most considerable channel, under the left bank, 
^ 263 feet wide, with a greatest depth of 6 feet, and a current of 
her more than 4 feet a second, surface velocity, in the deepest 
• t of the channel at the site of the bridge. (Plate III.). 
The bed of each channel was covered with boulders, the largest 
ing above the size of a man's head. 

i^iate of bridge on 28th January. — Previous to the 28th January, 
80 (the date on which I received orders to carry on the constrnc- 

• See Paper VIII., Vol. IV., S.E. Pr<ife$»ioHal Fapert (Occasional Series). 
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tion of the bridge), the first channel had been bridged by the 
Lientenant Dobson, R.E., with the aid of his Company of Mj 
Sappers and Miners, four-legged trestles being used for the | 
but for want of sufficient and suitable timber (all of which h 
be arranged for locally, no assistance having been asked froi 
Attock workshops) roadbearers were wanting in some bays, 
a temporary roadway only, of any planks that were available 
been laid to pass the Sappers across for work on the s< 
channel, where two abutments had, by the 28th January, 
nearly completed with boulders. The steep ramp of the prec 
year, leading on to the bridge, had been made much less steef 
heavy bit of excavation executed by the Sappers, assisted by 
labour. 

During the construction of the first portion of the bridg 
attempt was made to form the pier, of the deepest part, of a 
to be filled with boulders similar to those described below 
strength was sacrificed to lightness, and in the operation of m 
the cage into position, it proved too weak to resist the force ( 
current and was swept away in small pieces. A four-legged t 
was then substituted for the cage. 

Lieutenant Dobson, R.E., with half of his Company of Qi 
Own Sappers and Miners, being ordered to join the expeditioi 
the Lughmau Valley, the bridge came to a standstill till ( 
were sent to me on tho 28th January to go on with it. 

Timber supply. — Meanwhile a raft of 130 timbers, averagii 
feet long, and of sections varying from a mean breadth of ] ft. 
by a depth of 1 foot, to a mean breadth of 8 inches, by a dep 
7 inches, had been discovered stranded about two miles dow 
river. This raft was forthwith broken up and the pieces towi 
the river, singly, by natives of an adjoining village, who contr 
to bring tho wood to site at so much a log. 

Nature of pier achpted. — After making an examination o 
two branches of the river to he bridged, and taking sections ( 
channels, it was decided to form the piers of cages filled 
boulders. 

Width of rondwaij. — As the planking available for the roa 
was barely 10 feet long, the width of the bridge was now fix 
9 feet in the clear between the ribands, this width being snfl 
for the requirements, though the first part of the bridge bac 
designed to allow of a greater width of roadway. 
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^M^-mber of roadhearers, — The thickness of the available planking 
(half te'ees ronghly squared) determined the number of roadbearers 
neo6Ba&ry to support the planks at the proper intervals to enable 
tbem to carry a 12-poander gun and wagon. It was found, bj 
the rough calculations following, that, allowing 21 feet from centre 
to centre of pier, or 17 feet span in the clear, five roadbearers of the 
timher brought from down the river would be amply strong enough 
to mpport a disorganized unarmed crowd. 

Galctdaiions. — The planking available being 7 inches broad, and 
2| incHes thick, it was required to find at what intervals it must be 
nipported to enable it to carry a 12-pounder B.L.B. ammunition 
wagon. 

Weight on hind wheels of ammunition wagon = 26 cwt, or 13 
cwt on one wheel. 

IHoQoe the weight to be supported by the planking was a live 
^ o^ 13 cwt., acting at the centre. 
•^Uo^ring a factor of safety of 4, 

■f T 

We Have lGw=^i^ where Z is to be found. 

^ ^ ^ .when loaded at the centre. 

/•=» 6600 : for fir. 

i ^ _ 7xV __ 176 

n "^ 6 " 6 "24 

•^^ 5s 13 X 112 X 2 = 2912 lbs. 

^^bstatnting in the equation — 

'^^ get i X i X 2912 = 1650 x ^ 

^^Tienoe Z=16| inches, or 1 ft. 4^ in. 

^Oe^efore, with a 9-ft. roadway, and a bearing surface of road- 
^*'^** of 8 inches, it would be necessary to have five roadbearers, 
* *e©t apart from centre to centre, to obtain 1 ft. 4 in. between the 
'**^*^earerB in the clear. 

t^^^^y aBSuming five roadbearers 8^ inches broad, 17 feet span, 
^""^ ® feet roadway in the clear, we have 

Weight of bridge = 17 X 100 = 1700 lbs. 

^^^"•organirod unarmed crowd = 133 x 17 X 9 = 20349 „ 

Total 22049 lbs. 

Or say 200 cwte- 
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Tu,« ^ 200 ^^ 
Then _ = _ = 50 

17 "^^ 

Whence (2 = 10 inches. 

Therefore beams 8^ inches wide, and 10 inches deep, will sa^^ 
for the inner roadbearers. 

Assume for the outer beams (which take only half the weight cy^ 
the inner) also a width of 8^ inches. 

Then §i^ = 25 Whence i = 7 inches. 

17 

The arrangement of roadbearers, shewn on Plaie VI., Fig. ^* 
bein^ suitable to the material at hand, was therefore adopted, ib^ 
roadbearers actually used exceeding in almost all oases the sec?^ 
tional dimensions given in the drawing. 

Height of roadtoay, — The height of the underside of the rotd* 
bearers above water level was fixed at 4 feet, that being the heigU 
of roadway in the trestle bridge. 

Description of cages. — The cages for the centre channel were 
made 3 feet wide at the top, and 4 feet at the bottom, with a 
cutwater up-stream, and a batter of 1 foot in the down-stream 
face, and of varying heights to suit the different depths of wata*. 
The main or side frames, A B C D, Plate IV., Fig, 1, were C5om- 
posed of timbers of section about 7 inches by 2\ inches, secured to 
one another by two iron spikes at each joint. The dotted lines 
in the drawings on Flaie IV., represent light pieces of wood, 
about 3 inches by 3 inches section, nailed inside the main frames 
to subdivide tlie spaces and confine the stones in the cage. Where 
necessary, the spaces were further reduced by lathes placed Terti- 
cally, or in any position required. 

The two side frames were held together and kept apart bj 
notched cross pieces a a, two to each upright, passing from 
side to side, projecting 9 inches outside the frames, and k^ in 
place against the uprights by an iron spike. The O-inch prqjee* 
tions were most useful helps in lifting the cages, and were further 
convenient for fastening on ropes, serving also as steps on which 
to stand in the course of the construction of the bridge; 

The nose piece of the cutwater was held back by pieces of wood 
h h {Plate IV., Figs. 1 and 8), fastened to it and to the etm 
pieces a of the up-stream uprights. 
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Oa^si of left channel — The width of the cages of the left 

cnannel were increased by 4 feet at the top, the bottom width 

^r^ng from 5 feet in the shortest to 6 feet in the tallest cage, 

and the base of the batter of the down-stream face being increased 

*ptoa maximnm of 2 feet. (Plate V.). 

The fimaller ca^es were not braoed diagonally from side to side, 

M the stmctare proved to be sufficiently stiff without doing so, 

^ it was supposed that if the cages were made too rigid in all 

^irectioDs the footings would be less likely to take a firm bearing 

on the bed of the river. In the larger cages, however, there was 

added diagonal bracing vertically, horizontally, and from the bottom 

ooroen of the cages to the opposite top corner, making the last of 

rope that would give to a certain extent, and thereby allow the 

footings to take a bearing. (See Piute V.). The number of cross 

pieces a were also increased to three to each pair of uprights, 

and were doubled in the case of the centre uprights, one on each 

•ide, and clamped together by hoDp-iron. (See Plate V., Fig. 3). 

In the larger frames, in order to reduce the weight of the cage, 

\ the intermediate pieces added to lesson the spaces, with a view to 

confining the stones, were at first fixed on onlj up to the height to 

which the wat«r level would come, those above water level being 

wd aftnr the cage had been got into position and weighted. 

Number of spans* — The centre channel bridge was built in four 

spans, and that of the left channel in thirteen spans (See Plates 

^ and in.)- I should have stated above that the reason for 

adopting cage piers instead of trestles, in the centre bridge, was to 

pvactioe the workmen (who were native?! either of Peshawur or 

or Jalalabad) in the construction and handling of the cages, and 

abo to ascertain what was the best form of cage to be made out of 

^ oateriala at hand, before commencing work on the most for- 

Budable portion of the bridge in the left channel, which was con-* 

oiend to have too great a depth and current to allow of the 

•doption of wooden trestles with timber of inconvenient dimensions 

for their formation. 

MMod adopUd of getting cages into position, — As the depth of 

water in the centre channel originally did not exceed 3 feet, and as 

tfiis had moreover been reduced nearly a foot by diverting, into the 

right and left channels, some of the smaller channels feeding it, 

tliere was no difficulty experienced in getting in the piers of tiiia 

portion. About 30 coolies carried each cage in by hand and placed 
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it in correct position. The cages were then filled with Bton^e^ « 
bearing for the fi^e roadbearers constracted and bedded on each pier 
in a top layer of pebbles, and the roadbearers hauled into place, and 
sawn to correct lengths to bntt against each other, their cross 
sectional dimensions being too great to allow of their overlapping 
aDd lying alongside of each other. {Flate VI., Figs. 1 and 2). 

Placing cages in Icfi ehannel, — In the left channel 9 out of the 
12 piers were carried by hand into position. Numbering from 
the right bank {Plate III.), Nos. 1, 2, and 3 piers were built on the 
bank and carried in direct by a gang of coolies. The side frames 
of the cages for Nos. 11 and 12 piers were formed on the right bank, 
floated across the river, fitted together on the left bank, and carried 
into position by hand. 

As considerable delay was caused in passing the carpenters and 
materials across the river in the leaky old ferry punt, which was 
the only boat available, and as it was not safe to leave materialB on 
the left bank at night, it was thousrht better to completely form 
Nos. 7, 8, 9, and 10 cages on the right bank, and float them into 
place by fastening them to two roadbearers, and having them haaled 
across by coolies on the opposite bank. This end was attained in a 
more or less satis&ctory manner in each case, the cage grounding 
in the shallow water on the other side of the deep channel. The 
roadbearers were then untied and drawn away, and iHie cage put 
into correct position by hand. In this operation "mussucks" 
(inflated hides) should have been used instead of beams to float the 
cages, which woald then have been subjected to less straining and 
knocking about on arriving at the shallow water. 

Cages Nos. 4, 5, and 6 could not be placed by hand as tiie 
depth of water was too great where they had to go. 

Pier No. 4. — ^The roadbearers having been laid as fax as pier Na 
3, the cage for pier No. 4 was drawn along them till it was over 
No. 8 pier. It was then laid on its side and slid down two banlki 
into the water, after first fastening on to it fore and aft guys, to bo 
hauled on from either bank, and also ropes' of the proper lengthii 
to show, by their becoming taut, when the cage should be in proper 
position with respect to No. 3 pier (^Plaie VI., Fig, 4). Thii 
method succeeded tolerably well, but on account of the weight and 
■ise of the cage, and the contracted space to work in, there waa 
some difficulty in gating it into the water, and it was subjected to 

test of strength in the process. 



It was, therefore, neoessarj to adopt a different method with 
t^^ers Noe. 5 and 6, whichi were fltill larger. 

Pier No, 5. — ^The cage of No. 5 pier, which was 10 feet high, had 
^o be placed in position in 6 feet of water, running at 4 feet a 
Second aboye and below, but more at the site of the bridge, on acoonnt 
of the now contracfced water- waj. In order to be able to provide 
ballast for the cage, when floating yertically, string netting of country 
rope was fastened across the base of the cage, strong enough to sup- 
port a small number of boulders, bnt not strong enough to resist the 
increased weight when the cage was further loaded. The cage was 
farmed close to the water's edge on the right shore, but with a shal* 
low between it and the deep channel. 

A raft of timbers, aby ed^ 6/, tied together by cross pieces <7, <7, <7, 
ae and a e, on which to float the cage, was constructed (JPlcUe VII., 
Fig. 1.) Bopes were fastened from a to d and a to /, to act as ties. 
Four ropes. A, B, C, and D, were fixed to the beam a &, two up-stream 
and two down-stream, one pair for either bank. The cage was then 
laid on its side on the raft (which had been formed in a convenient 
position for so doing), and lashed to it, being hinged bj strong ropes 
at ^ ^ to a &, at the height to which the water would reach when 
the cage should be in position (Plate YII., Fig, 2). The rope A was 
then hauled on, and the raft and cage drawn into the shallow water, 
where the buoyancy of the raft was further increased by eight inflated 
skins, four fastened under c d and four under e/. The ropes A and C 
were then hauled on, and B and D paid out till the raft was drawn into 
deep water. By paying out and hauling on the four ropes as required, 
the cage was floated down into its proper position. A man was then 
sent on to the rafb to cast ofE the lashings otg g g to ef, and those at 
e and a. This operation was facilitated by means of a boat, which 
travelled on a rope fastened round the noses of the two nearest piers, 
with sufficient slack to let the boat travel backwards and forwards 
just clear and down-stream of the position of pier No. 5. 

After untying the lashings uniting ggg to ef^ and the skins tied 
to tf/y the beam ef was drawn away and the cage came part of the 
waj np towards a vertical position. The opposite beam c d and 
skins were then unlashed and removed, and an attempt was made 
to draw out g (f g, but their lower ends had got jammed against the 
bed of the river. It was intended when these should have been got 
oat to haul the cage into a vertical position by ropes fastened to the top 
of it and hauled on from the adjacent piers. But as the pieces ggg 
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appeared to be fast., it was decided to haul tlie cas^e up as it was and 
take the chrmce of the timlxers g g q cl-^ring themselves. R pes were 
accordingly fastened to the top of the cas^e and hauled on, the resalt 
being that the hinges at h h gave, and the cage was swept away 
down stream clear of the beam a by wh ch was still kept in position 
by the ropes A, B, C, and D. The failure was due to the jammings 
of the pieces g g g, and to the hinges // h not being strong euough 
to stand the extra strain which was thereby brousrht upon them. It 
wonld undoubtedly have been better to have had no portion of tlie 
raft projecting beyond the footin<r8 of the cage, but to have gfiven 
the necessary buoyancy to this side by an extra number of inflated 
skins ; the pieces g could then have been easily removed as they 
would not have got jammed. 

The cage was caught by the rope on which the boat travelled, and 
wns then hauled on its side into the shallower and comparatively 
still water below pier No. 4, in which situation ropes were fastened 
on to the top of the cages by coolies, wading in the water, and the 
cage hauled into a vertical position. This done, the ropes A, BC- 
and D, which were before tied to the beam a 6, wero now fastened 
to the cage at its four corners alx)ut half-way down. Eight partially 
inflated skins were then fastened round the cage just below the 
water-level, but as it was too late in the day to. attempt to get the 
cage into position and load it, it was left in this stat€ till the next 
morning, when by inflating the skins, and hauling on and paying 
off the ropes, the cage came without any difficulty into positic»n. 
The skins were untied or spiked to empty them of air, stones were 
passed across in the boat and the cage partially weighted with them. 
The cage having slipped a little out cf its proper alignment with 
the other piers, its position was corrected by rocking the cage by 
means of the side-ropes, and hauling on the up-stream shore ropes. 
Temporary baulks were then run across from the adjacent piers, 
and stones passed over from hand to hand by lines of coolies 
seated on the baulks. 

Cage No. 6. — In consequence of the experience gained with cage 
No. 5, it was decided to endeavour to get cage No. 6 into position 
by floating it erect, with inflated skins tied round it to give it 
sufficient buoyancy. Three large skins wore tied on each side, a 
seventh at the back outside the cage, and an eighth was jammed 
under the lower front cross-piece inside the cage. As many coolies 
baus) as could find holding room, then attempted to carry 
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ige in a vertical position to the edge of the deep water, but 
i too heavy to be so moved. Bopes had already been fixed to 
Qur comers of the cage and two of them passed across the 
Two shorter ropes, fastened to either side, and coiled on 
p of the cage, were intended for hauling on from the adjacent 
(after getting the cage approximately into position), with a 
to bringing it erect shoald it not come so of itself. As the 
could not be carried erect, protecting pieces to protect the 
)d skins were nailed to the ends of the cross pieces on one 
ind the cage was laid on that side on baalks, and hauled and 
d into the deep water where it righted itself, coming into a 
' vertical position, and floated away down stream with two 
iters (either confiding or taken by surprise) till brought up 
e shore ropes being hauled taut. As in No. 5 cage, string 
g had been fastened across the base of No. 6 cage, and a few 
1 as ballast had been thrown in. These got to one side — ^when 
%ge was laid on its side — which accounted for the cage not 
ig properly vertical. This, however, mattered little ; the 
ras quietly floated down into its proper position and worked 
) ropes into place, the skins untied, baulks run across, a line 
lies formed on them, and the cage loaded with boulders. 
•aiion of work. — This last pier was placed on the 17th February, 
p'S after the commencement of work, on the centre channel. 
Dadbearers were all in place on the 20th February, and the 
ing finished throughout the centre and left bridges on the 
February. On the 22nd February small fascines made of 
ushes were laid over both bridges (centre and left channel) 
3cured by ribands. 

I work was delayed, as the local labourers, on whom 1 was 
dent, took holidays on all their saints' days and whenever 
onsidered it too windy or cold, besides coming late to work 
I days that they came at all. As coercion was not the order 
day this state of things had to be put up with, no military 
' being made available for the work. 

dhearers, — The roadbearers of a few bays were got into place 
kting them above the piers on which they were to rest, and 
lauling up first one end on to the pier and then the other 
I to the adjacent pier, and moving the bearer into position 
the piers ; but the majority of the roadbearers were drawn 
ely along the roadbearers of the previously laid bay, till they 
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reached the bay for which they were intended, over which tbe 
leading end of the first roadbearer was slid along on the temporary 
baulks previously laid to enable the cage to be loaded. 

Plaibk'mj. — Every 7 feet a plank was spiked to the roadbearers, 
but the rest of the planking was laid loose and secured by a riband 
spiked to the fixed plank and to the loose planks, at 4 or 5 feet 
intervals. 

Bridie Qver rifjht channeL ^On the 23rd February work wa« 
recommenced on f.he right channel bridge. The trestles were 
strengthened to support a heavier roadway than was apparently 
at first intended; additional road^earers were added, the original 
ones re-arranged and planking laid over them. 

Causewaijs. — Durino^ the construction of the bridges, the cause- 
ways and ramps connecting the three bridges were constructed 
from the adjacent sand and boulders, and covered with fascines of 
rushes laid across tlie direction of the roadway, continuous to one 
another. This was subsequently covered with the litter from the 
cattle lines and became a good road. 

Bate of find completion. — On the 27th February the bridge 
was reported complete and fit for traffic throughout. 



Sugrjedions, — From the experience gained in the construction of 
this bridge, I would, in a similar case, be inclined to proceed as 
follows : — 

The form of cage adopted seems to have^been suitable, as the 
cages were in many instances subjected to very severe strains, and 
underwent a good deal of hauling and tumbling about without any 
of them giving way. 

Those cages which could be carried in by hand, it would, of 
course, be best to build as near to the position for which they are 
intended as possible. 

Those which have to be floated would be best built on a tem- 
porary platform, formed in the most convenient position for getting 
the cages into deep wa^.er. In the case of this bridge, the platform 
might have been made of boulders, with rough planks on the top, 
on the edge of the deep water, and a pathway of boulders thrown 
up to connect the platform with the shore, or a small foot bridge 
of any description might have been made for the workmen to cross 
by. (See Plate VII., Fig. 3.) Slides should be arranged, and the 
cage 80 built over them that it could be run down them into deep 
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water in an erect position, inflated skins having first been tied on 
roand the cage at the height most suitable to the depth of water in 
which it is intended the cage should float. Before entering the 
deep water, stones for ballast should be thrown into the cages, 
being held in by string netting across the base. It would be best 
to divide the base into four compartments by the addition of 
vertical netting down the centre, longitudinally, and across the 
centre from side to side, so that if the cage tilted it could be made 
to float vertically by throwing stones into the proper compart- 
ment. There should be ropes fastened to each corner of the cage, 
one for either side of the river up-Rtream, and one for either side 
down-stream^ by which the cage would be guided into correct 
position and kept there until the skins were untied, or spiked, and 
the cage loaded, when the ropes could be untied. These ropes 
must be tied at, or above, what will be the water line on the cage 
when in position, otherwise it will be found difficult to untie them 
afterwards ; but, in order to bring the pull lower down on the cage, 
the ropes can be pas^d round a part of the frames below, and 
fastened at some place above water line, as shewn in Plate YII., 
Ff'g. 4t. They could then be afterwards untied and drawn away. 
The ropes must not, of •course, be cast ofE or slackened at all till 
the cage is sufficiently weighted to ensure no further movement, 
but they must be cast ofE before the part of the rope below water 
getd jammed by the stones thrown in. 

Labour employed, — The carpenters employed were Peshawur men 
for the most part, a few of them only being natives of Jalalabad. 
The rest of the labour, which was plentiful, but of very inferior 
quality, was collected from Jalalabad itself and surrounding 
villages. Lieutenant Langley, B.E., with half a company of 
Madras Sappers, assisted for a short time only, during which half 
of the centre bridge was planked by the Sappers, and planks 
prepared for the other half, at which stage they were ordered 
away to other work Sergeant M'Dowell (Overseer, D. P. Works) 
was put under my orders after the left channel bridge had been 
commenced, and assisted in the superintendence of the labour. 



Subsequent history of the hridgfi. — From the date of the completion 
of the bridge up to the 22nd March the river rose from 4 to 6 
inchea. From 22nd March gauge readings were taken daily. 
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Nothing reliable could be ascertained concerning the height to 
which the floods rose, bat it was not contemplated that the bridge 
should withstand the river in high flood, and it was therefore 
necessary to watch the rise of the river in order to ascertain 
whether it would be necessary to dismantle the bridge. 

Daring the last week in March the river rose 2 inches. On the 
1st and 2nd April the rise was 7 inches, and, on the 3rd April, So. 6 
pier of the left channel bridge was observed to have sunk 1 foot 
at the nose and something less at the tail of the pier, due, no 
doubt, to the bed being scoured away in the contracted waterway, 
a small rise in a river, with a bed as steep as that of the Eabol 
Biver, producing a great increase of velocity and discharge. 

The river, after remaining at the same level for four days, fell 
6 inches between the Gth and 13th April. On the 11th April, as 
pier No. 6 showed no signs of further subsidence, the roadway wm 
brought level by packing up the roadbearers over the pier, the 
cage being further weighted with stones packed in up to and 
between the roadbearers. 

There was no further rise in the river till the 29th April, when 
it rose 6 inches, and again G inches on the 30th April. 

Meanwhile it had become evident that to prolong the life of the 
bridge it would be necessary to provide more waterway in the 
centre channel, as a rise in the river produced most efioct in this 
channel on account of the small waterway and the low level of the 
channel itself, compared with the right channel, which was higher 
than either of the other two. Another bridge of four spans, in con- 
tinuation of the centre bridi^e, was put in hand. The work consisted 
of sinking in the sand three cage piers, and cutting a channel between 
them to carry off some of the water of the centre channel. The 
cages were in position and partly sunk on the 1st May, but in con- 
sequence of the rapid rise of the river the right pier of the centre 
channel subsided at 7.30 a.m., and half-an-hour afterwards was 
carried away. Communication was kept up between the two sides 
of the river by means of a ford higher up across the centre channel, 
and so connecting the two side bridges. 

The river kept nearly steady at the level it reached on the Ist May 
till the 4th. On the latter date it was noticed that pier No. 7 of the 
left channel had sunk about a foot at the nose, and pier No. 6 about 3 
inches at the tail. The up-stream roadbearers on pier No. 7 were 
thus brought down to nearly a level with the water above the pier. 



155 
« 

On the 5tb May the river again rose, and I ordered the dis- 
nantUng of the centre and left channel bridges, which were more 
yffected by any rise than the right channel, for the reason given 
ibqve, viz.: — that thess channels were on a lower level than the 
right channel. 

By the evening of the 6th May the roadway of the centre and 

about half of the left bridge had been collected on the island 

between the two bridges, bnt on account of the rise in the river 

the ford had bacome ioipracticable, and work on the left bridge had 

to be suspended. 

By the 7th May water was flowing over the whole length of the 
raised roadway between the right and centre bridges, at the place 
where the additional waterway was to have been provided, and was 
finding its way along high level channels into the deeper ones. 
The water was flowing over the two remaining pier.s of the centre 
channel bridge, so that their position was only marked by the 
lacking up of the water. The three new cages which had been 
>1aced in position had been filled with boulders and left, more 
tages having been formed ready to restore the centre portion if 
inch should become practicable through the subsidence of the flood. 
[ had been in hopes on the v^rd May that the flood had reached its 
highest, and that the bridges might be restored, but the rise on the 
nisrht of the 4th decide! me to dismantle the roadwavs of the centre 
and left bridges, and to stop the preparations for restoration. 

On the 6th May the water could be seen flowing over the centre 
bays of the left bridge, where the piers had subsided, the roadway 
of which part had not been dismantled. On the 7th, 8th, and 9th 
May raflbs of inflated skins were fonned, and the remaining portion 
of the left bridge dismantled and the materials conveyed across to 
a place of safety near the right bridjre, as were als'» all the new 
cages and other timber dismantled before. Eight beams only in 
the left bridge, over which the water was flowing, could not be 
moved and had to be abandoned. 

At 7 a.m. on the 10th May the centre pier of the centre bridge 
was carried away, and the right side trestle of the right bridge sank 
about 4 inches at the nose. 

On the 11th May it was noticed that the 7th and 8th piers of the 
left bridge had disappeared. 

The river continued to rise till the 12th May. The total rise 
since the construction of the bridge in the right channel was 2 feet 
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8 inches as shown by the gange readings ; while in the centre and 
left channels the rise must have been o7er 4 feet^ as was shown bj 
the piers being completelj under water. 

It was remarked from the gange readings that the river, as a 
rule, rose at night and commenced falling after noon, a &ct probaClj 
dne to the molting of the snows during the daj-time higher up the 
river. 

The river fell again from the 12th to 15th May, and rose again 
from the 15th to the 22nd May, when it was found that No. 12 pier 
of the left bridge was missing. At 8 a.m. on the 22nd pier No. 9 
was also seen to float away. The first trestle of the right bridge 
had still further slightly subsided, and the water was flowing over 
the top of the trestle cutwaters. Some of the troops who had 
taken part in the Besad expedition being still across the river, the ' 
Brigadier-General requested me to leave this portion of the bridge 
standing till the last moment, and the dismantiing was accordingly K 
put off, but on the 23rd May, as the river coctinnod to rise, and the k 
abatment on the right bank had washed away, the dismantling was *S 
commenced. About 11 a.m, while the men were at work on the 
bridge, and three bays had been dismantled, the river rose suddenly 
to the underside of the planking and carried away the complete 
structure, workmen and all, leaving nothing to mark the site of the 
last bridge. The workmen were all got out safely and most of the 
timber recovered lower down the river. 

The river remained steadily high (about 6 inches below the mark 
of the wave which carried awa}' the right bridge) till the middle of 
Jnne, when it began to fall. On the 25th July the river appeared 
to be lower than it had been during the preceding cold weather. 

When 1 left Jalalabad, in the middle of August, 1880, one pier 
in the centre channel, the three new piers for the additional wate^ 
way, and seven piers in the left channel, were still in their original 
positions, though two of the latter were tilted to one side. 

R. £[. B. 
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Staking out Curves. 

Railway carves are generally set out by tbe method of tangential 
angles, with a theodolite. 

Let TAI be a tangent to tbe cnrve at the point A; be the 
centre of the circle of which the cnrve forms part ; and AB, BC, 
CD, DE, Ac., a number of equal chords. Join OA, OB, OCT, ftc., 
uid AC, AD, AE, &c. Draw OF, perpendicular to and bisecting 
AB. Let AOF = a = half the angle subtended at the centre of the 
circle by each of the equal chords. 
By EncUd IIL 32 and III. 20. 
Tangential angle ^AB = angle in alternate segment. 

= half the angle at the centre BOA. 
= AOF. 
= a 
„ „ ^AC = half the angle COA. 

= BOA. 
= 2o. 
„ „ tAB = half the angle DOA. 

= 3o. 
„ „ ^AE ss half the angle AOB. 

= 4 a. 
By measuring successive chords AB, BC, CD, &c., and by setting 
oat successive tangential angles with a theodolite at A, the position 
of the points BCD, &c., is fixed. As it is seldom possible to set out 
more than a few chains from one point, it becomes necessary to shift 
tlie theodolite. Suppose the theodolite to be removed from A and 
set «p at C. Produce the chord BC to ft. 
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Then the angle 6CD = 180-BCD. 

= 180- (BCO + DCO). 
= 180-(BCO + CBO). 
= BOG. 
= 2 a. 

Sight back on the last peg B, tarn the telescope over in altitude, 
and set o£P twice the primary tangential angle. This will determine 
the forward peg D. 

If the sight had been directed back upon A, it would have been 
necessary to set oiOT 3 a to obtain the direction of the forward peg D. 

If with the theodolite at C, we sight back on B and set off c^ or 
sight back on A and set off 2 a, the telescope of the instrnment will 
point in the direction of the tangent to the curve at the point C, 
hence it in easy to sot out a compound or a reverse curve by changing 
the tangential angle, or the direction of setting out, or both. 

The tangential angle in any particular case depends upon the 
radius of the curve and the length of the chord which it is desired 
to set out. In England, curves are classified according to their 
radii of curvature ; in America, according to the angle which each 
chord subtends at the centre of the circle of which the curve forms 
part. This angle has been already shown to be double the tangen- 
tial angle. Thus, in England, we speak of a curve of 2,000 feet 
radius, and we calculate its tangential angle for chords of 100 feet 
to be 1°— 25'— 57"'16. In America, they would use a 2°— 52' curve, 
and would calculate its radius to be about 1,999 feet. 

To calculate the tangential angle for any particular radius and 
chord is very simple. Referring to Fig. (1). 

Sin A OF = ^ 

A U 

^. ^ chord _ chord , , . 

bm a= 8— — — =- ~— ... (1). 

radius 2 X radius 
The following table gives the tangential angles of 100 and 50 feet 
chords to the radii most likely to be used. The necessity for maintain- 
ing the chaiuage of a railway unbroken causes an odd distance, or 
a chord less than 100 feet, at the beginning and at the end of every carve. 
To avoid the labour of calculating the tangential angles of tbeBO odd 
chords by formula (1) it will be sufficiently accurate to interpoUite 
them from the table. Thus we may assume the angle for a ^ feet 
chord to be half that for a 50 feet chord, and 11 feet chord to be 
l^ths of the tabulated angle for 50 feet and so Ga,vc^ propprt^W*. 
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To facilitate these calculations, the value of the tangential angle 
bas also been given in minutes. This will be found much the most 
convenient method of. staking out curves, as it reduces to a minimum 
the calculations in the field, while it is absolutely rigorous except 
as regards the two odd chords. The error arising from assuming 
the tangential angles of these odd chords to vary as the length of 
the chords is not carried on, and can never be appreciable in 
practice. 

The American system is very much the best. It shortens and 
simplifies the calculations to have no odd seconds in the tangential 
angle, while in cases where it is not necessary to measure the 
tangents, no calculations whatever is required beyond adding 
together the tangential angles, and interpolating those for the odd 
chords. English engineers, however, are very conservative, and it 
18 improbable that the present practice of reckoning corves accord- 
ing to their radii will be changed. 
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Railways are first laid ont in straight lines, and carves are after, 
wards inserted. Thus the case which most frequently occurs in 
practice is that of a curve that has to be pat in to connect two 
straight lines inclined to one another at a certain angle, called the 
intersection angle. 

Let AT, 6T, be two straight portions of the centre line of railway 
meeting in T, then it is manifest that any number of carves will 
connect AT, and 6T, since any number of circles can be drawn 
touching these two lines. 

Various considerations determine the proper curve to employ in 
any particular instance. 

(1.) A mininam radius is generally laid down for each partionlar railway, 
depending upon the nature of the ground, on the nature and on the gauge of the 
railway. 

(2.) Cceteria parihuSf the larger the radius of the ounre the better. 

(3.) The nature of the ground and the building^s or the obstaclea apon it maj 
necessitate the curve passing through certain points, or ayoiding certain 
localities. 

Let R be the radius of the curve. 
„ ^ be half the angle of intersection. 
„ TA = TB = T, the tangent. 
„ DC = V, the versed sine. 
„ TD = S. 
Then OA = AT, tan ATO. 
R = T, tan 0. 

» » A. ^» '^^1 COw "... ••• ... ... ... ... IaSIc 

Again OT = OD + DT, 
R cosec ^ = R -h S. 

.*. S = R (cosec ^— 1) ... (3). 

Also the angle OAC = 90 -CAT. 

= ATC. 
= 6, 
.•.DC = OD-OC. 

V = R-R sin OAC. 

= R(l-sin^) (4). 

From Fig, 1 it is manifest that the angle subtended at the 
centre by each chord is double the primary tangential angle; 



161 

Henoe Fig. 8 the number of chords in the entire ourve — 

_ Angle AOB 
2a 
AOB 
= 2 



a 

APT 

a 
90-tf 



••• ••• «•• 



(5). 



If $ and a be expressed in minutes this formula will become 

number of chords = ^2^i59^* (6). 

a 

From Fig. 3 we have 

Length of curve — AOB 

2 ir B 360 

_ 18Q-2 e 

860 

_ 90-tf 

180 

/•length of curve s= ir Bf ^ j (7). 

If $ and a be expressed in minutes this formula will become :-* 
length of curve = 0006817 B (5,400-tf) (8). 

These eight equations aud the table of tangential angles suffice 
to meet all ordinary cases of staking out. One of the following 
three methods may be adopted, according to circumstances. 
IH. Method, 

If aasiire the interseotion angle carefolly ; determine on the radini of the 
oiir?e ; oalonlate the length of the tangents by equation (2) ; measare off theea 
tangents; eet np the theodolite over one tangent jwint, and strike out the 
oiir?e till it joins in with the other tangent point. Where the onrre is 
tolerably short, this method will generally snffioe. 
2md. Method, 

Do the same ; bat stake oat from both tangent points and join in the 
middle of the onrve. 
9rd. Method. 

Osleolate the tangents as before, the length of the curve by equation (8), 
the nnmber of ohords by equation (6), and the distance 8 by equation (8) ; set 
oat TD «" 8 bisecting the angle of interseotion, and from the middle point of 
the enrre thus found set out the odd distances to the whole chaint pegs on 
eadi side. Stake out the rest of the ourre, working from the centre of tba 
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«iirye to t^ tnyn^ poiots aft each end. Half ibm ImgllLaC tiw ci»t« added 
lo the chainage of the fint tangent point gires the chainage of the middle 
point of the curve. The odd number of feet in this chainage must be aet 
back and ita defect from 100 feet set forward to obtain the two whole 
•hain-pegs nearest to the middle point of the cure. The tangent to the curve 
at D is of oonne perpendicular to TD. 

0b8TAGLK8» Aq, 

If obstacles occur which render pact of the curve inaccessible 
any number of pegs may be left oui, and the remainder proceeded 
with by measuring long chords. 

In Fig. 1, suppose that B and ave inaooeasible. Set out the 
tangential angle AD = 3a° and measure the chord AD s= 2B ain 3a 
(equation 1). 

If the intersection point be inaccessible make use of one or more 
ircmwersah. 

Let BA, CA (Fig. 4) be two straight portions of the centre line of 
a railway, meeting in the intersection point A, which is inaccessible. 

Take any convenient points D and E in AB and AC ; measure 
DE, and the angles at D and E.* 

then A = 180-(D-hB) (9). 

Compute the length of the tangents by; equation (2), 
In the triangle ADE, 

AU'^ ; . ••• ••• ••• ••• V'^vJ* 

am A ^ ' 

and AB = — ; — r — ... ••• ... ... (IIX 

sin A ^ 

The difierence between AD and AB gives the poaitioift of the 
tangent point B, and that between AG and AE giTes the poaitioD of 
the other tangent point C. We can now stake out the cnrre bj 
the first or by the second method. To employ the third method 
we must find the middle point of the curve. Suppose AF to be a 
line from the intersection point to the centre of the circle of which 
the curve forms part, then the angle AFD = 180 — (0 + D) and 
AFE = 180- (tf-l-E).t 



* Unto— epything: to th^contrmiy U itated, "the ensjto fl^niieni the ecnu ea^ «i tfn 
point D. 

^ $.!».hf\t ttie.in|ten9eolion Mfle. 



les 



Zq tiw triugle AFT), 



mTAFD" ^ ^ 

■" Bin AFD ^ ^' 

Compote AG- by equation (3). 

Vh» diflevenco between AF and AG gives FG. 

tteasare DF (already found), set up the theodolite on F, lay otf 
IKe angle DFA, and measure the distance FO. The centre of the 
curve being O the third method of staking out can now be 
proceeded with. 

Tho iranmjenal maj cut the curve (as in the figure), touch it, or 
ftfl to meet it. It maj be on the opposite side of the tangent points 
from the intersection point, and the AD and AE will be greater 
than AB and AC. If the transversal does not meet the curve, but 
lies between the tangent points and the intersection point, AG will 
be greater than AF. 

With two transversals (Fig. 5) the procedure is the same. 
Measure DB and EL, and the angles D, E, and L; calculate GE and 
B1F, then DP and LG are known. The angles at E and L having 
been measured, the angles at F may be inferred, and DF having been 
{band the case becomes that of a single transversal already 
oeeciipea. 

Any number of transversals may be used, and the case reduo^ 
to that of a single one in the manner above described. The angles 
at the points of intersection of the transversals should be measured 
accumulatively, in the same direction as is done in traversing. 

The defect of their sum, thus obtained, from 360 degrees, will 
be equal to the intersection angle. 

Compound Gubvbs. 

Let BT and CT(Fig. 6) be two straight portions of the centre line 
of a railway intersecting at T, and let be the centre of a circle 
tonohing BT in A. It is required to find the radius of a second curve, 
which shall connect the curve AFE with the straight line CT and 
be-ttagential to both. 
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Where the gubye AFE falls short of thi sigovd tanqsnt CT. 

Draw the radios OA and OD perpendicalar to CT cutting the 
onrve in £. 

It is manifest that a tangent to the conre at any point between A 
and E will, if prodaced, cut CT. Hence the required curve most 
leave AFE somewhere between these points. 

From A, a carve might be drawn to touch CT ; but this wooU 
dispense altogether with the curve AFE, and would simply amount 
to increasing the radius AG. At E, a tangent to the curve AFE 
would be parallel to CT, that is to say a curve, even of infinite radiui, 
would never meet CT. 

On the curve AFE, between the points A and E, select any point 
F from which it is convenient for the second curve to commence. 
The nearer F is to A the smaller will be the radius of the required 
auxiliary curve ; and the nearer to E, the greater will this radius be. 
Let the angle 6TC be 2 0. 
„ AGF „ 2 *. 
„ T be the length of the tangent AT. 
„ r be the radius of the given curve. 
„ B „ „ auxiliary curve. 

Draw a tangent to the curve at the point F, intersecting BT and 
CT in O and H. Make HK = HF, and through K draw KQ, po- 
pendicular to CT, cutting FG produced in Q. Then^ since Um 
angles at K and F are right angles, and FH equal to HIT^ itfoUowi 
thai FQ = EQ. Hence a curve drawn with centre Q and xadioi 
QK or QF will touch CT in K, and have the same tangent ^^fl Ai 
same normal as the carve AFE at the point F. 
The angle TGH = 180-AGH. 

= 2 ^. 
also THQ = 180-GTD-TGH. 
= 180-2 (tf + ^). 
and TQ = AT-AQ. 

= T— r tan ^. 
Therefore in the triangle TGH. 

TG sin 2 9 



QH = 



sin2(0 + ^) 
(T— rtan»)Bin2tf 
s= sin 2 (0 + ^) 



:. PH = GH-GF = (^T ^*) '^ ^ *-r tan » ,. n« 

sin 2(tf + ^) ^ •'• ^"> 



I 
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Kow ihe angle AOD = 180 -ATD 

= 180-2 e 
:. FQK = FOD 

= 180-2 e-2 ^ 

= 180-2 (0 + ^) (15). 

Henoe FH=B taii?§? 

=E cot (<> + *) = — 2-L_g^j^-r tan ^ 

. -D^ sin 2 g (T— r tan tpi) r tan <^ ^l g. 

cot (e + <l>) sin 2(6+40 cot (tf4-<^) ^ 

Whin the cubyi AFE passes betokd the tangent GT and cuts 

it in the points l and m. 

In ihis case (Fig. 7) the constrnction is the same and the valne 
of B is the same. 

The tangent point F of the two curves must be between A and L. 
The nearer F is to A the greater will be the radins of the anziliary 
curve; and the nearer to L the smaller will this radios be. 
Comparing figures (3), (6) and (7), it is manifest that the primary 
oorvB^will intersect the second tangent or not according as r is 
eiiiber greater or less than T tan 6. 

If the two branches of a carve, for any reason, do not meet 
oorreotlj they may be connected by an auxiliary curve of smaller 
radius. This is equivalent to finding a circle which shall touch two 
given equal circles internally. The arcs, (Pig. 8) of equal radius, 
OBD, HBA, having been found to intersect in B, instead of coinciding 
their tangent at the point B are inclined to one another at a 
certain angle. 

Let O and P be the centres of the two circles. 
,y OB 3 PB ss B, the radius of the given curves. 

Join OP, OB, BP. The inclination of the normals OB and BP 
is equal to the inclination of the tangents; hence the angle 
OBPso. Bisect the angle OBP by the straight line BF. 

It is manifest that the centre of the required auxiliary circle must 
Ce in the straight line BF. 

NowOF = FP = B8in^ (17). 
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Therefore the radius of the required drole must lie between zero 
at the point B and R fl— sin ^ J at the point F. Take any con- 
venient radius r for the auxiliary curve ; and £pom O and P as 
oentres describe arcs intersecting one another, and the line 6F, in 
E such that OE = EP = (B- r). Join PE, OE and produce then 
to meet the branches of the primary curve A and D. Then E A = 
ED = r ; and E is the centre of curvature of the required auxiliaiy 
arc. 

8inOEP = sinBED=2^=:^?i^ (18) 

Length of arc BD = BA = '-l^) 



^»r(bbd-|j ^j^j 
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Measure BA and BD, to find the points of departure of the new 
curve. To find the length of the auxiliary arc AD we have — 

Length of arc AD = 2 X !:^il55) 

_ ^ r (BED) ..,Q 

When the ground is difficult and the surveys have been made 

hurriedly, it may happen that in re-staking out the centre line, 

after the earthwork is finished, some of the curves do not fit the 

straight portions correctly. When this is the case it is too late to 

alter the radius of the curve, as the latter would leave the centre 

line of the banks and cuttings ; the proper procedure is to emploj 

an auxiliary curve in the manner just described. 

Compound curves should never be used to patch up incorrect 

work which can be rectified. At any time before the earth work is 

&r advanced, or in any situation where it is possible to do so, if 

any thing wrong is discovered in a curve, carefully measure the 

intersection angle and tangents, and try it over again. 

Reverse curves, called S or surpentine curves, should never be 

permitted in the main line of a railway, as they involve a sudden 

change of cant from one side to the other. Curves in opposite 

directions should always have a piece of straight between them. 
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PAPEE VIII. 



TRACTS FROM A REPORT TO THE SURVEYOR- 

GENERAL OF INDIA 

ON THE 

NGULATION OF NORTHERN AFGHANISTAN. 



By MajoPw T. H. Holdich, R.E. 

onouT Northern Afghanistan, the triangulation has been 
on points (consisting entirely of mountain peaks) fixed from 
I the limits of the frontier of India, by observations taken at 
iistances from the ends of short bases. These bases had in 
instances been purposely selected, so as to bo short enough to 
' the identification of the trans-frontier peaks more certain, 
rto these points had served the purposes of geography sufficiently 
>j defining the backbone and direction of some of the principal 
>n mountain ranges, but from the commencement of the last war 
Decame the initial points of a system of triangulation, which 
ally developed into two or three fairly distinct series, extcndin g 
jast to west into the heart of the country. It was due to these 
. that anything like exact surveying became possible during the 
phases of the first campaign of 1878-79, as surveyors could take 
iiato advantage of the opportunities offered by the opening of 
impaign to carry on plane tabling and triangulation hand in 
without the measurement of bases or the labour of preliminary 
itations. 

le great majority of these points had been fixed by Lieutenant 
er, R.E. (now Surveyor- General of India), about 30 years ago, 
the frontier .was in a far more unsettled condition than it is at 
it, and when every observation involved much personal risk and 
labour. Some of his observations were taken across distances of 
pds of 100 miles, with an instrument of no better class than an 
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old pattern 3i-in. theodolite; so it was not a matter of much sarprise 
that they were of somewhat unequal value for a trigonometrical basif^ 
although sufficiently good for geographical data ; nor was it until ihs 
iinal reduction of all observations was undertaken, that it was possible 
to define exactly which could be accepted for the purposes of initiil 
data, and which should be refixed for the basis of topography. 

I do not think that at the commencement of the campaign 
triangulating officers started with a fall appreciation of what might be 
effected with the G-ft. subtense theodolites, which proved to be 
specially adapted to the rough Avork of military surveys, not only as 
triangulating instraments of a very high class, but for traversiiiw- 
purposes when used with a subtense pels under such conditions as 
})recladed the possibility of carrying on triangulatiou. Certainly the 
opportunity of using those instraments was at first far more restricted 
in North Afghanistan than it was in the south, where there was always 
a fair chance for survey enterprise. The use of heliotrope signals was 
almost an impossibility, partly owing to the introduction of heliographj 
for army-signalling purposes, and partly to the risk of detaching 
signallers ; the hills were pecnliarly rough and difficult of access, while 
they rarely offered any special mark or prominent peak for observation, 
and the operations of surveyors were of course limited by military 
exigencies which pressed upon them particularly hardly at firsts in the 
preliminary steps of the triangulatiou, where it was all-important that 
they should work on a wide front. Under these circumstances it is 
hardly surprising that a well-connected series of triangles connecting 
Kabul with India was hardly thought of cither along the line of tlie 
Khyber or the Kuram. And yet the final results have resolved them- 
selves into sucli a series along the line of the Kuram, and (with » 
weak link or two in the chain) along the line of the Khyber also; 
and in spite of the absence of definite survey markstones or poles the 
general triangulatiou is not far inferior to the ordinary tertiary work 
of Indian topographical surveys. 

"When the triangulating officer was working from peak to peak, 
with only an approximate idea of the final direction of his work, 
bound all the time by the necessity of remaining close to one line (t 
roate, which prevented the lateral extension necessary to form a series 
it was not easy for him to foresee the exact value of the work be had 
in hand, or into what shape it might resolve itself when taken in 
conjunction with that of other officers working far away on totally 
distinct lines. 

This has been peculiarly the case with regard to the work alon? 
the two routes to Kabul, viz., the Khyber and the Kuram. On tb« 
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northern route the triangalation, which was commenced by 
•.•Colonel Tanner, and completed by Major G. Strahan, B.E., was 

entirely on trans-frontler peaks fixed from the great Indus series, 
ontinued chain of triangulation was kept up, and no bases wero 
ored. The western extremity of this branch terminates in three 
ir conspicuous peaks, fixed by intersection, overlooking the plain 
abnl, which peaks Major Strahan had determined to convert into 
nometrical stations as the Khyber column progressed towards 
il. But the work was suddenly suspended by the treaty of 
amuk, and on the second outbreak of the war, JMajor Strahan 
mable to resume it. The positions of these final peaks were still 
nputed, owing to the dangerous illness of Major Strahan after 
itarn to India, when the thread of the work was again taken up, 
tober 1879, and although his triangulation was connected with 
1 by myself when the Khyber route was opened up, and sufficient 
J for topography were laid down, yet, as I did not happen to 
) the exact peaks he had fixed on as trigonometrical stations, 
motion was better effected subsequently when Lieut.* Colonel 
Ithorpe brought the Kuram series round to close on those peaks, 
le Kuram triangulation was also based on trans-frontier peaks ; 
lot by interpolation from three or more of them (as was the 
with the Khyber series), but by direct extension from two, of 
. the values were given in the Indus Series Volume. Tbo 
oints were "Sangar" and ** Khadimakt," both of which had 
ixed by intersection from stations in the Kohat Minor Series, 
season's triangulation in the Kohat district, however, led to 
points being visited and well fixed as trigonometrical stations, 
it was found that the G. T. value of Khadimakt needed revision, 
fresh computation of the entire series became necessary. From 
itial base for a distance of about 100 miles, the series is carried 
'• regularly to the north-west, and includes as one of its northerly 
ns the peak of Sikaram, on the Sufed Koh range of mountains, 
am being about the most strongly fixed of all the G. T. trans- 
er peaks in this neighbourhood, and being common both to the 
er and the Kuram series, has been of great importance in con- 
\g the two systems, and in furnishing to a certain extent a fresh 
of departure for the Kuram triangulation. Unfortunately the 
tn series naiTOws to a single point on the Shutargardan pass, 
amission could be obtained from the military authorities to visit 

either to the right or left, and consequently the Kuram series 
this point depends on its extension from one or two unvisited 
I points, fnrnisliing triangles of which two angles only have boon 
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observed, and they are all of them apparently peaks of an iudiifcrett 
class for recognition. In each case there is room for doubt whether 
the points observed north and south from Shutargardau are absolutdf 
identical with the. points on the same hills observed east and wflit 
before and afber reaching Shutargardau. It is probably due to the 
shape and direction of the ridges (which apparently mu east and west) 
that this slight difference in the point observed introduces no appre- 
ciable error in the linear values of the common sides, computed both 
by the points north and those south of Shutargardau. The agreement 
between the two values is fairly good, but the triangles being com* 
paratively small, and the sides short, the non-identification of the exact 
point probably introduces an error in azimuth, which here becomes 
apparent for the first time, and which it is difficult to account for in 
any other way. A fter passing the Shutargardau the scries emerges into 
the open plains again at Knshi, and from there to Kabul there exists 
a strong net-work of triangles, based on peaks of great altitude, whidi 
is as good as any minor series in ordinary topographical work. From 
Kabul the triangulation extends eastwards till it joins on to the £[hjber 
series, Lieut.- Colonel Woodthorpe having succeeded in reaching one of 
those peaks overlooking the Kabul plain which Major Strahan had 
observed and fixed as a forward station, but which, of course, he never 
himself reached. Here, then, a strong junction could have been efiected, 
which would have turned the difficulty at Shutargardan, had Lieat- 
Colonel Woodthorpe been able to identify Major Strahan's Khjber 
stations. Bat the means were wanting ; no chart of Major Straban's 
triangulation which would at once have indicated the peaks in question 
was then forthcoming, and the opportunity never occurred again. 
Such is the nature of the Afghan hills, that prominent peaks are most 
difficult to find. Indeed, there is no one peak throughout the countiy 
that offers a point for trigonometrical observation such as can always 
bo recognised. Lieut.-Colonel Woodthorpe multiplied his observations 
to the greatest extent that time would allow, sparing no pains to bit 
off the exact spot (unmarked in the distance) on which he had stood 
before, or which might be another surveyor's station. It is indeed 
owing to the multiplicity of his observations, and their careful minute- 
ness, that such results have been obtained as are now included in the 
general report ; but yet, where he had no plane table chart to nanow 
down the limit of his observations, ho sometimes failed (as in this 
instance he failed) to recognise the exact position of Major Strahan*8 
stations ; and unfortunately at the same time ho was prevented by 
clouds from identifying Sikaram. Thus the junction with the Khyber 
series was considerably weakened. The triangulation that I canied 



171 

through botwcon Major Straban's stations near Gandamak and Kabul 
wms insuffioient for the main purpose of connecting the two systems ; 
for exactly the same reason I failed to identify Major Strahan's stations. 
This difficulty in triangulation of this nature is one which must be 
specially noted in future. With the assistance of a chart there is no 
great d^culty; without it, the whole experience of these surveys 
shows that it is only by a rare chance that any surveyor picks up an- 
other surveyor's station from more description only in such a monotony 
of mountains as exists in Afghanistan. 

The computation of the Kui*am scries (accepting the values of 
the Khyber triangulation as final) from Kohat to its junction with the 
Khyber line has occupied much care and time, many tentative compu- 
tations having been made with a view to test values of initial azimuths 
and bases by the results given on closing with a fixed G.T. point. With a 
series of irregular triangles, where in nearly all cases a triangular error 
can be traced with far more probability to one angle than to a general 
error between the three, any exact and rigid method of apportioning 
final error seems out of place. The adjustment in this case has con- 
sisted rather of a careful examination of angle books, and of the 
balanoing of possible influences of time, opportunity, atmosphere, and 
position, than of the adjustment of errors in graduation and level. 
The final results arc fairly satisfactory, more exact, indeed, than any- 
thing that was contemplated at the outset of the survey. The Kuram 
series was computed up to a long side between Kurd-Kabul and 
Korogh stations, and the Khyber series was extended from Major 
Strahan's bases so as to close on the same side. The ag^ement of the 
common side (which was to a single foot) was closer than the nature 
of the survey could warrant, but it was a fairly satisfactory check on 
the coincidence of linear values in the two series. 

But although the linear agreement was satisfactory, the compu- 
tation of latitudes and longitudes of the final points of each series 
did not lead to quite such accordant results. This, of course, was due 
either to the accumulation of small angular errors affecting the value 
in azimuth of the sides of triangles composing one or both of the 
series ; or, more probably, to one considerable error of two or three 
minutes, so applied in the course of computation as to have little or no 
efiect on linear values, while its own weight was perceptible in 
azimuth. Major Strahan's final values in azimuth were implicitly to 
be tmsted, as he had taken a most elaborately careful series of obser- 
Tations for azimuth so near to the end of his work as to leave no room 
for errors to creep in. If similar observations could have been taken 
anywhere between Shutargardan and Charasia, the adjustment of the 
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difficulty would havo been easy enough ; but iho opportunity for sncb 
observations was wanting, and the position of the error can only be 
surmised. 

The linear values of tlio two series being in accoi'd, and the poioti 
Sikaram and Kurd- Kabul being common to both of them, and fumisfa. 
ing the means of proving that azimuthal values agreed on both sides 
up to that point, angular values for determining all azimuths west of 
Sikaram were obtained by means of the quadrilateral formed by Kurd- 
Kabul, Sikaram, Shutargardan, and a well-defined peak in the heart 
of the Logar country, called Logar Hisarak. In this quadrilateral 
the linear values of all four sides, with the two angles observed 
at Sikaram and Logar Hisarak (which were of unusual strength 
from the repetition of observations on both faces of the instrument), 
were accepted as the data for determining the remaining quantities; 
and the value in latitude and longitude of Logar Hisarak thns 
obtained, with its azimuthal value from Kurd-Kabul and Shntargardao, 
respectively supply the data for computiiTg out all the values of points 
on the Hindoo Kush, Koh-i-Baba, and Paghman ranges west of Kabul. 
Of coui*6e these positions are but approximations after all ; but the 
probable error in absolute position of any one of them is not more than 
ten seconds, either in latitude or longitude, which, considering that 
the actual r>ummit is often difficult to define within those limits, is quite 
near enough for all practical purposes of future topography. Belativelj, 
of course, the error would be much less. 

With the computations of the Northern Afghanistan triangn- 
lation, the reduction of the observations in Waziristan has been com- 
pleted ; and these have an important bearing on much of the Knrani 
and Khost surveys, and, to a certain extent, form a connecting link 
between the triangulation of the north and that of the south. The 
westerly peaks of Waziristan overlooked a large tract in the heart of 
Afghanistan, which is at present but a blank in the maps of the 
country. Between western Waziristan and the great high road joining 
Kabul and Kandahar there are no very important ranges, and tht? 
topographical features of the country generally may be described 
rather as hilly than as mountainous, so that there was some difficulty 
in fixing points of sufficient prominence to be readily recognisable?* 
especially within the very narrow limits of time that could be allowed 
for the observations. The altitude of the peaks which were reached b^ 
the survey officers was either such as to leave very little time fa*" 
observation when the summits were reached, or they were situated ixs 
ground occupied by the Mahsud Waziris in force, and time was loB^ 
in the necessary disposition of troops to support the survey partes. 
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hal (11,500 feet above sea) is the highest peak in India south of 
Himalayas, and Shaidar (11 ,000) was held by the Waziris, who 
sked the survey party at the very summit of the peak. But in 
3 of these diffiQulties a certain number of points within that blank 
« have been laid down, and valuable observations have been taken 
1 this southerly point of view, which check the position of many 
ortant peaks of the Northern Afghanistan triangulation, which 
id otherwise have been indifferently fixed. To the south-west 
nrations were taken across the intervening space of 200 miles to the 
it southern peaks of Kund, the central point of the Kojak mountain 
em, and many bearings were recorded which will bo useful checks 
he traverse carried by Lieut. Gore from Kandahar to Kabul, and on 
exploration line of the Bozdar, along the Zhob and Gomul to Lake 
stada. 

Phis combination of the work of different surveyors working 
' a vast extent of territory on entirely separate lines — such as the 
'her, the Kuram, the Khaisor (Waziristan), and the Bolan, all more 
388 parallel to each other, and consequently bearing more or less 
ommon points intermediate to them — has been useful in pointing 
ertain deductions which may serve as guides in conducting such 
'eys in future. The results of computations so far seem rather to 
it to the following conclusions : — 

A^lthough the system of starting triangulation by means of inter- 
.tion has been used with great success in Afghanistan, yet it should 
noted that the value, for a series, of such a starting-point as can 
j'ained by interpolation from intersected peaks only, is an excecd- 
y troublesome value to arrive at by computation. For if the same 
?ht is to be given in the first instance to every one visible of the 
mounding fixed peaks, they should be taken in combinations of 
» for the purpose of computation, each combination resulting in a 
Qite but possibly fictitious result, differing from the others in pro- 
'ion to the inaccurate value of one or more of the three peaks. If 
"e were many such peaks, all the various results of these combina* 
8 would form a small figure, of which the centre of gravity would 
he best approximation to the true position of the interpolator, 
the position of the peaks with regard to the observer has also to bo 
H into account, and the angles of intersection at the point of inter- 
tion, so that it becomes a very difficult matter to regulate the 
rhts of each fixed peak in the computation. The final result, after 
is probably frequently no better than that joined by ordinary 
rpolation on a carefully-projected plane table, when the value of 
i peak can be readilv estimated, and the final average result 
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measnred off by co-ordinates from the graticule lines. Indeed, m 
long as the survey is carried on only within the limits of conntry oTcr 
which a certain number of such intersected points are laid down, tin 
necessity for triangulation and computation almost vanishes. Tin 
plane table may be trusted for all that is necessary. It is only when i 
is necessary to establish the utmost possible accuracy in the linear ani 
azimuthal values of the sides connecting several peaks, for the purpoH 
of using those sides as bases to iix the position of far-off monntaii 
ranges by extremely fine intersections, that systematic trianguladoi 
with good instruments is a necessity. 

Each surveyor working along a lino of his own in an unsnr. 
veyed country, where all information is of importance, and where hii 
work may in future be combined with that of others, or be continued 
by others, should, if he can possibly manage it, carry on a plane tsUe 
chart of triangulation, in combination with his observations. The 
assistance that this affords to the officer who succeeds him, or who hi 
to close on his work, or who has to compute his observations, is in> 
calculable. In tho two first cases it is absolutely essential. In the 
last case it has been found that the plane table furnishes a most valu- 
able record of approximate distances, leading to the identificaaon of 
many points which would otherwise remain uncomputed. It is often 
exceedingly difficult to estimate the distance of a peak in miles from 
the observer, if it is a matter only of judging an abstract distance in 
varying conditions of atmosphere. But it is simple enough to put 
down an indication of the shape and nature of the peak on the 
approximate spot on the chart which it should occupy relative to other 
points already known, and which can be seen by the observer. Several 
points of great value thus estimated and sketched on the plane table, 
as well as observed with the theodolite, have been recognised withont 
difficulty by their indicated position and shape amongst similar 
records by other observers, observing from other points; and sone 
few indeed have been fixed by the intersection of two rays only, the 
observations being by different observers, but tho plane table record 
leaving no reasonable doubt as to the identity of the object of inter- 
section. 

Another point of evident imi^ortance is tliat observations should 
be taken from and to the highest point of the peak or hill. This haa 
always, of course, been a recognised rule with trigonometrical s ur ve yors , 
but it was not always recognised quite so readily by the military oom* 
manders who had to arrange for the support of the survey party. No 
other point can possibly be made of the same value to other obeenrers. 
In fact, where it was impossible to observe from conspicuously the 
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;heBt point of a hill, in a great majoritj of cases the station was 
dom recognised again even by the same observer. 

In the combination of the work of separate observers, observa- 
ms for altitude have proved exceedingly nsefnl. The computation 
' heights does not involve such very minute accuracy as to length of 
ISO, but that the result is generally near enough to indicate whether 
le point is the same as that observed by another surveyor or not. A 
ery rough approximation to the distance will generally decide this, 
^nsequently, the most important of the far-off geographical peaks 
bat occur in a round of observations should be those most carefully 
bserved for altitude. Coincidence in the value of heights is almost 
better check on an intersection by two rays than coincidence in the 
latfcer of estimated distance. 

With regard to astronomical observations, those for the deter- 
ination of azimuth have proved by far the most important in reduc- 
ig the Northern Afghanistan computations. One particular appli- 
ttion of azimuthal observations should not be lost sight of. Two 
)6ervers may take observations to the same peak from points very far 
stant from each other on perfectly separate systems of triangulation. 
bere may be no doubt whatever about the identity of the point from 
le coincidence of estimated distances or heights, but the final value of 
i position may depend on computation from these two points alone, 
nder these circumstances there is no difficulty in getting a value to 
le base between the two points, and to the azimuth of either one of 
em from the other, by reduction from the differential values of their 
bitudes and longitudes as determined in each series. But if AB 
I the two points from which C is observed, and A and B are 
►t intervisible, the only way of arriving at the values of the angles 
\.B CBA, on which the whole computation depends, is by the 
fference between the values of azimuth of A and C from B for 
e angle ABC, and of B and C from A for the angle BAC. Tho 
imuth of B from A and of A from B has already been determined 
jux these differential latitudes and longitudes, but tho value of 
o azimuth of C from either of them depends entirely on the 
curacy of the triangulation and the correctness of origin for tho 
imuths in the two series to which A and B belong. A minute 

so of error in either series would not greatly affect its values, but 
is minute applied to the computation of a far-away peak C would 
feet its position in proportion to its distance and the acuteness of the 
tersecting rays ; so that azimuthal values may be of far greater im- 
»rtance than would be suggested by any weaknesses discovered in 
e course of computing a series only. 
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Another matter to whicli it seems -well to draw attention is tb 
combination of the work of surveyors as far as possible with that i\ 
signallers. The nse of the heliogpraph in the field to a certain eztej 
prohibits the nse of the ordinary heliotrope of the Snnrey departrnflo^i 
bocanse of the confnsion that might possibly arise between the flaslMij 
of the two instruments. But it almost always happens that poinli^ 
suitable to a survey station are suitable also for signalling purposes; j| 
the conditions which the surveyor hopes to find fulfilled by ascending ;{ 
a commanding point being just those most valuable to the signaller 
also. Signalling can best be carried on by means of long rays and the 
use of large glasses, because fewer men can thus keep up communici^ 
tion along any given line, the chief difficulty in maintaining signalling 
operations always being the necessity of guarding each post. But long 
rays can only be secured from the highest and most conmianding 
peaks, just the points which the surveyor must ever be striving to 
reach. When two surveyors have signalling communication between 
them, and are observing at the same time from far distant points, the 
advantage of being able to define to each other what points are being 
observed is so great that no opportunity of combining work in this vray 
should be lost. 

The general results of the computation for altitude are sndi 
as tend very much to shake confidence in aneroidal observations. 
From the Indus Valley series to Kabul a double line of reciprocal 
trigonometrical observations was taken from peak to peak along the 
entire length of the Kuram series, and the finally computed result of 
the height of the Kabul Hill Station (on the Sher-Darwaza Hill above 
the Bala Hissar) differs by only two feet from that computed by Major 
C. Strahan. This value also agrees with those determined barometri- 
cally (with a mercurial barometer) by Lieut. Gore along the Kandahar 
to Kabul route, but it has the effect of lowering previous estimates coii- 
siderably. Indeed, the whole face of Afghanistan about Kabul, 
including the peaks of the Hindu Kush, has diminished in its altitude 
above sea level from the values previously determined by about 500 
feet. About Jalalabad the values remain much the same. The best 
previous values were determined with a measured barometer by Dr. 
Griffiths, about 40 years ago, but Dr. Griffiths, unfortunately, did not 
live to compute his own observations. The value of refraction was 
found on the whole to be somewhat greater than that usual in the 
plains of India. Expressed in decimal of the arc contained between 
any two points it amounts in Afghanistan to about '08, thus slightly 
exceeding the normal yV ^^ '067, contrary to the usual rule whereby 
refraction diminishes with increasing altitude. 
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The wbolo season having been so far occopied in reducing all 
le computations of tho different series and lines to common terms 
^ih those of tho Great Indus series, in which all those of Southern 
kfghanifltan are recorded, I have but little to report about the topo- 
iraphy. This does not, of course, cover all , the ground that has been 
overed by triangnlation, and although it has all of it been worked 
liroaghont on the plane-tabling system, it cannot all be regarded as 
^f equal value. The great mass of the topography (which roughly 
sovers about 35,000 square miles, including Southern Afghanistan and 
^aaristan) in and round Kabul and Kandahar, along the lines of route, 
Mid in Waziristan, is of a class much higher than mere military recon- 
laisBance, though not, of course, of the value of exact surveys on the 
^ame scale as usually turned out by the Indian Survey. But beyond 
^11 this, there is a good wide fringe of reconnaissance pure and simple 
that has yet to be compiled on the trigonometrical basis, and that may 
hereafter be checked and improved by further exploration. 

A narrative of the exploration conducted by the Bozdar in tho 
valleys of the Zhob and Qomul has been carefully recorded by Lieut. 
Hon. M. G. Talbot, R.E. Much of the information supplied by tho 
Bosdar is of value, and the whole of his work will probably find a 
jlaoe in tho :^-incli map of Northern Afghanistan, which will bo 
x)mpleted next season. 

T. H. H. 
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PAPER IX. 



ORGANIC COMPOUNDS IN THE SUN. 



Ijeciure delivered at the Royal Engineers* Institute, Ohatham, 

December 7, 1881. 



By Capt. W. de W. Abnet, R.E., F.R.S. 



\a with extreme diffidence that I venture to give a lectare to mj 
bher officers ; bat still I could not resist the request made bj the 
retaiy of the Institute, who wrote and asked me to address jou on 
I subject, which he thought might have some degree of interest 
yon. 

The object I have in view to-night is first to show you a new 
iiod of analysis bj means of the spectroscope as applied by 
onel Festing and myself, and also to show you the connection 
nreen physical astronomy and physical chemistry. 
It may be objected that I have called certain substances, which will 
found in the sun, 'organic ' substances. What I mean by this 
Q ' organic ' is this : that these particular substances, viz. carbon 
ipounds, which we find in the sun are those which on this earth are 
ally derived from organic matt.er. Of course we cannot pretend for 
instant that this same matter which is found in the sun is due to 
Qg matter there ; first of all because it is in quantity so enormous ; 
, secondly, as I need hardly point out, the transcendental tempera« 
) which exists there renders such a theory quite out of the question, 
^t the end of 1878 or the beginning of 1879 I had the honour of 
ng a lecture here on the subject of ' the so-called thermal spectrum,' 
irbich I showed the means I had adopted to photograph the dark 
1 which lie beyond the visible spectrum. In the diagram before 
* K,' is the extreme visible limit of the spectrum at the violet end ; 
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* A' is the extreme visiblt-i limit at the red end of the spectrum; 
l>elow 'A' lie an enormous quantity of rays, which can be disintej 
out the prism, and mapped. Such a map of necessity shows fllj 
spectrum as white, marked by certain absorption lines in black. Hili 
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I completed that diagram of the spectrum, which, by means of phoi» 
graphy, I have been able to investigate, I should have had to haw 
taken a length stretching to the far end of the room. However, 
part which we are chiefly interested in to-night lies between the 
' A ' and the other line, about wave-length 1,200. 

In the lecture to which I have referred I endeavonrcd to 
that the so-called heat rays are miscalled. There are no snoh 
as heat rays ; there is no such thing as ' radiant heat ' ; but 

* radiant heat * should be called * radiant energy,' and the effect of the 

* energy ' is shown either by its chemical effect or else by a heatir^ 
effect on the body on which it falls. 

It may not be out of place to show you a very simple example of 
the effect of the dark rays upon a photographic plate : it will enable 
you perhaps to see better how it is wo are able to photograph those 
dark lines which lie below the * A ' line. 

It may be in the recollection of you all that not very long ago 
Professor Graham Bell brought out an instrument called a 'photophone.' 
The action of the photophone briefly was this : a ray of light was caowd 
to impinge upon a selenium cell, to which was attached a telephone; 
and when the impact of the ray of light was intermittent, caused bj 
turning a rotating wheel between it and the cell, yon then gotamusicil 
note higher or lower, according to the velocity with which the elite 
of the rotating disc passed before the ray of light. Professor Beli placed 
various substances between the light and the selenium cell, andamoDgsi 
other things he found to his astonishment that when ebonite intervened 
ho still heard a musical note ; in other words, that through perfeetlf 
opaque matter radiation passed from the source of light to the selemnm 
cell. This created a great /urore in scientific circles in London, and all 
kinds of wonderful actions were attributed to this ebonite — that it ab- 
sorbed the rays and then gave them out, and a variety of other sag- 
gcstions were made regarding it. It struck me that the best way to teat 
this property would be to see if wx could photograph through a thickneN 
of eboni te. Accordingly we arranged the electric light so as to throw the 
image of tho points upon the focussing screen of the camera, and thn 
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ed between the electric light and the Bensitive ptate a screen of 
If the ebonite was transparent to the dark rajs, then, of 
we oDght to be able to photograph the carbon points when 
eilrer salt sensitive to dark radiation ; and it is such a pboto- 
lat is now on the screen, which shows that ebonite is trans- 
to the dark rays below the line 'A.' That is a very good 
: of what can be done by this means of photography. 
opose now to show yon the character of the solar spectrnm 
ve get below ' A.' It is mach more open and freer from ab- 
. lines than ia the visible spectrnm. 




'^ of yon arc aware of the meaning of the black lines in the 
ectrnm. They are duo to metallic or other vapoars either in 
,r atmosphere or in our own atmosphere. For instance, if we 
: calcium, the bright lines in the spectrnm of the vapoar are 
) be coincident with certain dark lines in the notar spectrum, 
ill now show you the ' iron ' epectrnm, in which you will see a 
any coincidences given, bat not so many as are obtained by 
aphic means. [Shown.] 

m we come to photograph the spectra of different metals 
infra red region of the spcctram, we find very few which 
ly lines at all. At present, out of twenty metals that 
examined, I find only two which give any lines whatever 
he visible part of the spectrum, viz., sodium and calcium. 
im also has a line, bat that is absolutely visible though with 
difficulty. Sodlam, potassium, and calcium have all very low 
Kiints, and metals which have very high fusing points have 
r lines even in the red region. Therefore WO may expect that 
ery few metals — via., those which have very low fusing points — 
e lines corresponding with the absorption lines in the infrared 
)lar spectrum. 

, then, made it probable that we should have to look to some 
)dies for the explanation of these dark lines in the infra red 
and instead of elementary bodies they must probably be due to 
ads. The heavier a body is, the more probable will it be that 
-ibratc with long wave lengthx, and at longer intervals of time. 
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Snppose a yiolin string to give a certain note : if yon load that 
or make it heavier, it will give a lower note. If you have a nu 
which will vibrato at a certain wave-length, if jou weight it, it 
vibrate at a greater wave-length. On this account, then, 
Festing and myself thought very naturally that the dark lines we 
in the solar spectrum must be due to compound bodies rather than 
elementary bodies with the spectra of which spectroscopists are so 
acqaainted. 

I have hero a table of absorptions copied from one of Professor 
Tyndall's works, * Heat as a Mode of Motion.' 

Absorption of Uadiant Energy by Liquids. 
Source ofheaty a platinum gj^iral raited to bright redness by a voltaic current. 



ThickncaB of Liqnid in parts of an incb 



•02 



•27 



Girbon disulphide 

Chloroform . 

Methyl-iodide . 

Kthyl-iodidc 

Benzine . 

Amy line • 

Ether 

Alcohol 

Water 



5-5 


17-3 


16-6 


44 8 


361 


68-6 


38-2 


71-6 


43-4 


73-6 


68-3 


82-3 


63-3 


85-2 


67-3 


89-1 


80-7 


91-0 



Professor Tyndall examined the absorption of these diiferent con* 
ponnd bodies by placing a certain thickness of the liquid between i 
thermo-pilc and the source of heat which ho used to cause a deflectioB 
of tho needle in the attached galvanometer ; and he found, when hi 
used a red-hot platinum spiral, that for every '2 parts of an inch of 
bi-sulphide of carbon he got 5*5 parts of the energy absorbed ; cbloro- 
form, IG'6 ; of iodide of ethyl, 361, and so on. Suffice it to say he foiuii 
the more complex the molecule of the liquid, the more absorption he gs^ 
This method of examining tho absorption of liquids is very much tf 
if I were to tell you that, if so much light from a candle was cut off If 
a coloured glass, without saying what colour it was. It is TalnaUo 
as to the amount of energy absorbed, but it does not localise the ^h^ 
in the spectrum in which this absorption takes place. 

For this reason, we determined to see whether the apectrosoop^ 
would throw any light upon the locality of the absorptions showii tf 
these different compounds which Professor Tyndall Lad examined* A 
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1 
tube, 6 incbes in length, having glass odcIs, was filled with the liquid 

to be tried, and placed in front of the photo-spectroscope. 

We commenced with water, and, after the first photograph, we were 
Mtonished to find that water gave a very definite spectrum — that is to 
BqTf that it had absorption bands which I do not think anybody ever 
Bwpeoted before. We went on to other compound bodies — alcohol, 
ettiery and eihyl-iodide — all belonging to the same series. I must point 
' oat these diagrams to you in order that you may understand the argu- 
ment which I shall bring before you presently. Chemists consider that 
a molecule is made up of different atoms, and these atoms are bonded 
together in different ways. Carbon can take up a certain amount of 
l^drogen and oxygen, and they are in the habit of portraying these 
CMnbinations by Unes. The first substance we took was alcohol, which 
baa a formula of C<| . Hg . O, but chemists show that one carbon is 
bonded with another carbon, and the other different atoms are bonded 
together in the following way : 

Alcohol. Ether. Btutl-iodidb. 

H ^^\ ^ 

H-0~H H-C-~H H-C-H H-i-H 

H-i— H H-C-H H-C— H H-i-H 

I II I 

6 H H i 

I 
H 

So with ether we see here another form of molecular grouping, 
which I may say, until our paper was published, was really based more 
iipon theory than knowledge, but which really from analogy turns out 
to be absolutely correct in the analysis we have made. Again, ethyl- 
iodide has two carbons, with hydrogen atoms on each side, combined 
with one of iodine. 

Bo I might go on with the rest, and show the constitution of all 
these different bodies in the table. 

On trying alcohol and ether and ethyl-iodide, we found most re- 
xoarkable spectra ; and I have two of the first photogpraphs which we 
took, which I will show you. [Shown.] 

The alcohol spectrum and the ether spectrum both show very 
definite bands. The ethyl-iodide shows a very fine series of sharp 
liquids and lines. 

On examining the different photographs we remarked a variety of 
different kinds of absorption. First we found the absorption which 
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ran in bands with aharp edges ; then abaorptionB wbicli ran in I 
with one edge sharp and the other slightly diffused ; then we had 
and then we had general sbsorption at the lower end of the apecl 
creeping up gradnally. The lighter the molecnle was, the mon 
general absorption crept op from 120 np towards 900. I will 
yon the char 
of the hands 
obtained. 

Etere is tne 
alcohol — an all 
wo are not in 
habit of discni 
ID Kngland, tlu 
there ia somi 
it in claret. ] 
we hare the < 
naTyalooholof c 

When we i 
snred these sbs 
don bands, we ^ 
soon fbond tiai 
edges of tlie be 
I always ooinc 
I with certain liu 

I the edge of 
1 ethyl.iodide b 
I coincided with 
I taia lines in 
methyl-iodide, 
ne also found i 
I theedgeof theei 
f^.i, band coincided 1 

certain lines to be found in the ethyl-iodide, and so on. This o 
not be a mere matter of ooincidonce ; there must be some law TCgan 
it, and that law we determined to find ont. 

Ton will see by the diagram that the ViodieB which we havn 1 
are excessively complicated. The next body we tried was one w 
had less complication about it, in which we had one carbon comb 
with only one hydrogen and three atoms of chlorine, which ia ahi 
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CsumoioBii. 


Casbor tbtra-chloridk. 


Cabboh nmuLPHiDi. 


H 


CI 


S 


Cl-0— 01 


1 

CI c— a 


1 




CI 


Cl 


1 
1 

s 



)n putting chloroform before tbe slit and photographing it, we 
I delighted to find that all those bands had entirely vanished, and 
lad of bands we got nothing bat a spectmm of lines. Having 
rid of two hydrogens from' the carbon compound, we next 
I the effect of taking away the last hydrogen. This was done by 
troscoping tetra-chloride of carbon, which is one atom of carbon 
bined with four chlorines. On photographing that, we found that 
a vestige of absorption took place : in other words, there were 
[nes and no bands, but only the general darkening at the lower 
of the spectrum. We thus knew that it was not carbon to 
)h. these absorption bands and lines were due. To confirm this, 
;ricd bi-sulphide of carbon — a combination between carbon and 
bur — and in this case we found no lines again ; and, as you will 
» in Professor TyndalFs table, there is very little absorption 
U shown by bi-sulphide of carbon, and very little by chloroform. 
it were these bands and lines due to P It struck us they must 
I from the hydrogen present, and if we could get hydrogen com- 
d with something else without carbon, probably we might get 
I also. So we took hydrochloric acid, which is hydrogen and 
rine, placed that in front of the slit, and were rewarded by 
ing a spectrum with lines coinciding with some lines which we had 
ped, in chloroform and ethyl -iodide, and a variety of organic 
pounds which we previously tried. Then, again, we tried ammonia, 
;h is a combination between one nitrogen and three hydrogen 
IB ; there we found the lines again. Then we tried sulphuric acid, 
ih is SO4 and n2 ; there we found the lines again and no bands, 
^ter we found bands, but bounded by lines, which coincided with 
I in the chloroform spectrum ; so that you see by a process of 
ination we were able to show that the lines, at all events, in the 
rent spectra were duo to the vibrations of hydrogen in these 
rent molecules, and not to the carbon or the chlorine or the iodine, 
^at was the effect on oxygen when mixed with other substances P 
the oxygen compounds we found had absorption lines and shaded 
Is, which always lay between two hydrogen lines. The meaning of 
was clearly, that the oxygen simply blocked out the radiation 
reon two hydrogen lines, and gave the absorption bands, and the 
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shading was simply due to the step by step gradation befcwee 
different hydrogen lines as they were carried down the speotrom* 
I have here a table showing the tabulated results of our in 
gations in regard to absorption : 

Carbon, hydrogen, and a halogen . Sharp bands and fine lin< 

Carbon, hydrogen, and oxygen . . Shaded bands and fine lii 



I 



Carbon and chlorine 

Carbon and nitrogen |- . .No bands or lines. 

Carbon and solphor 

Hydrogen and oxygen Bands and lines. 

Hydrogen and chlorine 1 . . . Lines. 

Hvdrocen and nitron-en > 



Hydrogen and nitrogen 

I will now show yon another series of the Benzine gpraup. 

Benzine is Ce H^ (Fig. 3), the carbon and hydrogen being 
bined together in yery cnrioas forms. From a series of ezperii 
with different derivatives of a group, we came to the oond 
that the absorption of every derivative contains what is callet 
Radical band ; that is to pay, you could tell what Bubstan 
was derived from by its having a particular band in a particulai 
of the spectrum. For instance, if I was to analyse any oomj 
and find a band in the spectrum coincident with wave-length 
I should know that I had some derivative of benzine. So with < 
alcohol : if I found I had a band about 900, I could immediate] 
I had got the radical band of alcohol present, and that it mu 
some derivative of alcohol. So with all these different oompoui 
they all have their radical bands ; and if you find in a spectrum tha 
ticular radical band present, you may be quite sure that you have < 
that substance present itself or else some derivative finom it. ' 
then, by this method of spectrum analysis we are able to state 
lutely whether we have got the derivative of some body present o 

soo 9C0 foao noo 

' ' ' ■ ■ ' I « ' ' ' * ■ M I J ■ ' ' ' f f, I f ■ ^.P 1 ■ ■ < 1 '_! ■ I 



iLiJiiLiL 



■ I 



FHg, 4. 

I want to digpress for a moment, and show you the eflbot f 
different conglomeration of definite molecules has on a speotmn* 

In this map we have the spectrum of aldehyde, which ohemU 
us is a combination between carbon, hydrogen, and ojiygim ; am 
aldehyde, which contains exactly the same proportion of ihe i 
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lementarj bodies, but differs in that three moleonles aldehyde are 
ombizied to form its one molecnle. Yon will see there are certain 
ommon lines, bnt the molecular difference is shown by the difference 
a ihe absorption spectra of the two. Here we have two substances 
if identically the same chemical composition, and yet they give you 
lerfecUy different absorption spectra. 

About a fortnight ago Professor Tyndall gave a lecture in which he 
ihowed that, when you put a millimetre of liquid ether in front of the 
]iermo.pile, it absorbed exactly the same amount as it did when that 
tame thickness was expanded into vapour ; and from this he adduced 
ihe fact tha4rthe absorption took place in the molecules of the organic 
iompoand, and not in the ether in which these molecules were placed— 
I fact which he told as a novelty, but which we had published in 
Jantuury last. It was hardly a deduction to make from such slender 
Bfidence, but it is confirmatory of the evidence which I have the 
hoDonr to bring before you to-night ; for I think you will see that 
•U absorptions which take place must take place inside the molecules. 
It may be the molecule, itself vibrating, gives the continuous absorp- 
tion, but that point I do not enter into now. 

After these researches had been finished, we compared what we had 

obtained in the absorptions of liquids with the linear absorptions with 

fte solar spectrum. We found a variety of coincidences between the 

two. When we took ethyl-iodide and placed the solar spectrum 

^bore it, we found that there were lines at Xj and also ttat the very 

htwd line at 900 corresponded. Also, when we examined benzine, 

^ found we had X3, and X3 was the exact position of that broad 

i'Biul of benzine which you saw upon the screen. Also we found that 

^^^faee were some other lines in the group 2S with which the benzine 

^^^■orption spectrum was coincident, and therefore we were driven 

o the inevitable conclusion that we must have some derivative or 

Mother of benzine and ethyl present either in our atmosphere or in 

^tnn. 

Now, how were we to distinguish whether this absorption takes 
^ce in our atmosphere or in the solar atmosphere ? 

The method is very simple. If you take the spectrum of the sun 
^ a high altitude at mid-day, and also in the evening at sunset, there 

always a greater absorption of certain lines caused by the atmo- 
at sunset than at mid-day. We found that certain lines 
^ the sunset photograph were blackened, and others were not, and 
*)QQDgst those which were not were the lines which coincided with 
^onne and ethyl. So that you see we were inevitably fixed to this, 
t^at we have a derivative of benzine and ethyl present, and that it was 



not present in our Ktmosphere ; therefbra, tbe only looalitj id which 
we coold place it wu in the solar atmosphere.* 

A yei7 cnrions remark was also made with regard to certain linet, 
that when you throw the ima^ of the son npon the slit of the apectro- 
soope, so that the radiation from the limb and the centre of the bdh 
were dispersed by the prisms, some lines were very mnch darker at tin 
limb than at the centre. That tells ns that at the limb of the snn then 
was a greater thickness of hydro-carbon present than at the centre. 
How conld that be P I have a very rough diagram bere which wiQ 
explain to yon how it is. 

Thie ring is supposed to be a Nydro-carhon 
ring. Yon will see at the top of the spectroscope 
it baa to pass through a greater thickness of this 
ring than the centre, and the probable hat is tbit 
I the absorption of this hydn>-carbon is due to this. 
Mr. Lockyer made another suggestion, naraelj, 
that really when we were spectroscoping, that ire 
were spectroscoping the corona. The corona is 
the solar halo of glory seen round the moon at w> 
eclipse, and he supposes that yoa get the imige 
of a thick layer of this halo of glory at one part 
of tbe slit, and only a veiy thin layer of it at 
another part 

There are two very remarkable lines, tbe A 
and B. Both have one particnlar form. Thej 
Kg. i. have a black nucleus and shaded bands on one 

side — that is to say, a fluted spectrum on one side of the black hand- 
These lines have never been allotted to any substances. I am not 
going to allot tbem to any substance absolutely now, bnt I am gtnng 
to show you the probability as to what Uiey do belong. The A and B 
lines are very nearly alike, looked at in the spectroscope. 

In the figure we have a drawing of the A line — a veiy beautiful 
line it is ; and hero we have a ^olo- 
graph of a drawing of that beniiiw 
band. I ask yon to remark lh*( 
they are drawn to the same tctie, 
and also to note the coinoidienoe then 
is between the two, the only difib^ 
eoce being that tbe one is shsdeclt 
and in the other tbe shade is broken 
op into lines. The probabilitj >f 
Fig. e. that that remarkable A. Une^ whid 

* Knca this leetara was delivered, the anthor hu made expenmiDts wbidi <*■* 
him to believe thet it ma; also exist in epaco. 





-nx of Bpectroacopista, is dne to some bensine derivative 
derivative which contaioB the same qnantity of carbon and 

can tliat be P When yoa come to examine different oombi- 

00 find there is a certain Bnbitance called acetylene, containing 
a of carbon and two of hydrogen. Benzine is Hg . Gg ; bo that 
hree times the weight of die other, and one has three times 
at of carbon and hydrogen in the molecules. It is cnrioos 
a yoQ heat acetylene, it ia converted immediately into benziAe. 
iminiah the atomic weight of the molecules in these different 
odies, BO the radical band moonts np towards the bine end of the 
. I have shown yoa that the benzine radical band is coincident 
X line, ami therefore it is very highly probable — it being a 
;h lighter molecule — that the same species of radical band 

foond only nearer the bine end of the spectram, and pro- 
.t A line ia due to eoetylene instead of beoEine. The B line 

proved to be an atmoaphcrio line ; and if so, and if it ia dne 
ilar oi^tmio snhatance, it must be something lighter than 
1. We do not know what it is, bat it is said to be atmospheric, 
g so, mast lie very near the limits of oar atmosphere, 
e made a roagh sketch to show yoa how acetylene and benrine 

topetlier, 

dark disc is enpposed to be 
and the light shaded ring to 
g' of acetylene. The nearer 
3 the san the hotter it is; and 

at a certain t«mperatare / 
ilecales of acetylene will be [ 
t to form benzine ; and, there- \ 

may have the existence both 
le and acclylene in the a 

1 forming the shallow part, 
other the deeper part; and 
1 evidence wo have, from the 
t sharpness of the benzine 
) are inclined to think the benzin 
1 flntod spectram of the A line i 
) is of very great thickness. 
1, in cooclasion, show yon a photograph of the spectram of 
et of this year, which Dr. Ha^ins has kindly lent me in 
bring before you. Long ago Dr. Hoggins aospected that the 
1 of the comets was dne to the light of a hydro^carbon. Here 
1 the spectram of the oomet as obtained by Dr. Hoggins, 




3 band is not very deep, and 
9 inclined to think the 
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photographed on a verj Benaiiiye plate. What he sai 
law part of the solar spectram as it were reflected, an 
bright lines which did not belong to the solar spectn 
comet itself. Now, when yon come to pat things toget 
evident that the comet mnst be, comparatively speakin] 
then how oonld it give rays which we have here in t 
of* the spectrum? Comets are supposed to be a oon^ 
meteors, and these meteors, knocking aboat one against 
is a generation of vapour and also of electricity. No^ 
lines, seen in the comet's spectmm, coincide with the br 
from certain hydro-carbons when the spark is passed th] 
a very attenuated atmosphere. Not only, then, do wi 
carbons in the sun, but it is also proved that we have h; 
oometary matter ; it remains to be seen whether in the 
can also trace hydro-carbon.* There is no doubt whatev 
that, as spectroscopic science advances, so we shall be 
more and more compounds in the stars, in the sun, ai 
matter. 



* Since thif lecture was delirered, Dr. Hoggins has shown the f 
compounds in certain nebols. 
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PAPER X. 



lAILWATS FOE MILITAEY COMMUNICATIONS 

IN THE HELD. 

By Colonel J. P. Maquay, R.E. 



Tub Paper treats on the nature of plant to employ, and the most snit- 
lUe method of making railways, for the supply of an army engaged in 
war in a country where such means of communication do not exist. 

In most of the wars that England has undertaken during the past 
fliirty years, attempts have been made to construct railways for the 
tmnsport of stores and materials from the base of operations. This 
base must necessarily be on the sea coast, for a country situated as 
England is. These railways have not been successful, chiefly because, 
when war had broken out, such material was hastily got together as 
seemed most suitable to the occasion ; and further, the construction of 
these lines was not carried on with any system. It is not surprising, 
therefore, that our military railways were never completed in time to 
be of much use to the troops they were intended to serve. 

In looking for the quickest and simplest method to make a railway 
for military communications in a strange country, and for the most 
mitable material and plant to use in its construction, it is well to have 
^ description of the various gauges of which railways are usually made ; 
study the powers and capacity of different locomotives and rolling 
tock for these lines ; and to consider the time, labour, and cost of 
oaking a railway. 

Before commencing a study of these three subjects, a statement 
rill be given of what has been done in making railways in war time, 
xcluding any account of their construction for the same purpose in 
Ivilised countries, such as the case of the Prussians, who made a 
Lilway round the fortress of Metz, and at the destroyed tunnel of 
'anteuil; or the railways made by the Russians from Bender to 
alatz, and from Fratesi to Zimnitza. 

Railways that have been made in War time. 

After a season of great suffering to the troops engaged in the siege 
r Sebastopol, caused partly by the difficulty of communicating with 
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their base at Balaclava, a railway was oonstracted of the ordinary gauge 
of 4 ft. 8^ in. About 21 miles of track were made of single line ; civil 
engineers with a working staff of navvies were employed in its con- 
struction. The rolling stock consisted of five locomotives of 12 to 18 
tons weight, and about 40 ordinary side-tip ballast trucks ; one of the 
locomotives was worked as a stationary engine to haul trains up a short 
incline. 

This railway never had the capacity for transporting all the 
supplies required by an army engaged in a siege. It did a flair amount 
of work at the re-embarkation of the troops on the conclusion of peace, 
but it would have been of no use if hostilities had been continued on a 
different line of operations. 

It must not be attributed to any failing of the Army Works Corps 
that better results were not obtained from this line, for it viras com- 
poRed of a staff thoroughly practised in railway construction; the 
mistake wsls in having only one line of rails instead of a double line, 
which is indispensable to ensure uninterrupted traffic ; and in the plant 
being cumbersome and quite unsuited for military requirements. 

For the Abyssinian campaign materials for a railway were collected 
in India from the public works and other sources, and a works corps of 
natives for laying the line was raised in Bombay. In the month of 
November Government came to the decision of sending railway plant 
to Abyssinia ; in the following January work was commenced at the 
landing place in the Red Sea, at Zoulla ; and about the end of March 
12 miles of the line were opened for traffic, giving a rate of progress 
in constructing of one mile a week. As the railway took so long to 
make it was not of much use to the expedition. The chief causes of 
delay in making this railway may be attributed to the materials having 
been shipped from India without any system, any transport vessel that 
could afford space being employed. The plant was all for the Indian 
standard gauge of 5 ft. 6 in., which was heavy and difficult to handle 
under unfavourable conditions of landing appliances ; the rails were 
also of different sizes and weights, giving much additional labour and 
loss of time in laying. For rolling stock four contractors' tank loco- 
motives, which had been much used, were supplied ; half of them were 
constantly under repairs. The material for making bridges consisted 
of rolled-iron floor- joists for barrack buildings, which were procured 
from Aden. 

One great advantage of a railway at a point of debarkation was 
noticed on this occasion — the saving of labour that was effected by 
being able to run the trucks on rails into the water, so that boats with 
stores from the transport vessels could be unloaded directly into the 
trucks. 






For the war in Ashantee, where the objective was to foree our 
troops over many miles of the wildest African bash country, some 
steam-sappers (road traction engines), adapted for ranning on rails, 
were sent from England, and light rails were shipped for making a 
railway of 4 ft. 8^ in. gauge. This plant could not be utilised for the 
following reasons : it was difficult to land heavy stores on a beach that 
had a surf constantly rolling on it ; the amount of labour required 
to dear a track for so wide a gauge through the bush would 
have been excessive ; and the period of fair season at the disposal of 
the General for the accomplishment of his enterprise was too limited 
for making a field railway of the full gauge of 4 ft. 8^ in. 

A light portable surface tramway (such as is hereafter described), 
with light trucks that could have been pushed by manual labour, 
might have answered in Ashantee for transporting stores and pro- 
visions better than the swarms of carriers that had to be employed for 
supplying the force that went on to Coomassie. A tramway of this 
class oould have been laid quite as fast as the troops cut their path 
through the bush. 

These are the attempts that have been made by England to con- 
stract and utilise railways for troops in the field. They have not 
been very successful, owing to the plant used for them being unsuited 
for military requirements, and being hastily got together. 

Dbscription op different Gauges for Railways (Plate I.). 

The 4 ft. 8^ in. gauge of the ordinary permanent railways is 
adapted specially to heavy and rapid traffic ; its carrying capacity is 
grestly in excess of what is likely to be required for a force operating 
in an enemy's country. The plant is heavy, and it takes a long time to 
make a line of this gauge, which must be well and truly laid to take 
the rolling stock adapted for it. The rails should be 78 lbs. to the 
yard ; a mile of line of single rails weighs 272 tons, and costs about 
i£?l,700. The ordinary platelaying gang of three superintendents, 
thirty platelayers, and forty labourers, can only lay a mile of this track 
in thirty hours. 

A field railway is only a similar line to the above, with lighter 
rails of about 42 lbs. to the yard ; it weighs 131 tons, and costs £7S7 
to the mile. The same platelaying party can make a mile of field 
railway in twelve hours. In its construction nearly the same curves 
of large radius are required, and the gradients cannot be made steeper, 
while the rate of travelling on it is much slower than on a permanent 
line of the same gauge. 
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In India a metre-gauge has been adopted on some of the Gove 
ment lines ; it is 3 ft. 3| in. wide ; rails 36 lbs. to the yard maybe n 
for it ; the line weighs about 106 tons, and costs £590 to the m 
Railways of this gauge are made for quick traffic, and require to 
laid nearly as well as wider lines. The rolling stock which is made 
England and sent out to India, is of a heavy nature ; the locomoti 
weigh 16 tons, and the carriages, which are iron-firamed, weigh ab* 
3^ tons. 

The United States have lately adopted the 3-ft. gauge in a gr 
many lines, which answer their purposes just as well as the wi< 
permanent railway. They can construct these lines with great rapidi 
progressing as much as four miles in one day, including forming 
earthwork. The Americans carry these light railways over the m 
difficult country, and up ravines and over mountain pass^ when 
soems almost impracticable to make any sort of road. 

There are portable railways made in England as well as in Frai 
which possess all the requirements for a military line. They an 
various gauges, but the 2 ft. 6 in. wide has advantages over 
narrower gauges — such as the power and speed of the locomoti 
the capacity of rolling stock, and the great simplicity of parts. Tl 
seem to point to this gauge being more suitable for military purp 
than the narrower ones. The rails are of steel, of 30 lbs. to the y 
fixed in lengths of 12 ft. to the sleepers ; the sleepers are als( 
steel, made of various sections. The most convenient seems to be 
U shaped {Fig. 5, PI. I.) ; these can be placed at any distance a; 
to suit the nature of soil. One section of rails of this tramwa 
12 ft. weighs 810 lbs., and forms an easy load for four men to ha] 
in laying the line, which is intended to be a surface line. It cai 
laid very fast by inexperienced men — about nine miles in a day. 
easily taken up, removed, and relaid in another situation. The p 
for the track is complete in all its parts, such as curves, points, 
crossings ; it is also very compact for shipment. 

Some very narrow gauge railways have been made in N< 
Wales; the line to Festiniog is 1 ft. Hi in. wide; passenger 
mineral traffic have been running on it regularly for some time. ' 
railway is 13:J^ miles long and rises 700 ft. ; the gradients are f 
1 in 70 to 1 in 180, and the curves of 2 to 30 chains radius ; the 1 
motives, which are of Farlio's pattern, weigh about 8 tons, and 
draw trains of 120 tons at an average speed of 12 miles an hour; 
rails are 30 lbs. to the yard, and the sleepers are of wood. 

At Dinas there is a similar railway, but with 35-lb. rails, 
Cleminson's flexible wheel base to the carriages, which admits of t 
going round very sharp curves. 
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Sailwajs of this very narrow gauge work well enough when the 
is laid with care, and the rolling stock for these lines mns safely 
an even road-bed ; it would require modification to run on a roaghlj- 
laid surface line to this gauge. 

Bailways are made of an even narrower gauge — 18 in. ; thej are 

much used in H.M. Dockyards and the Boyal Arsenal. This gauge 

lias been adopted in the service, for a tramway to run along trenches 

and parallels to supply the artillery and engineer requirements at 

fli^es. There are two types of this tramway; one with rails on 

'wooden sleepers, and the other of a portable description. The first is 

that which has been taken for the service ; it is designed for laying 

down without noise at night, this being a necessary requirement in 

luaking a tramway in siege trenches ; the sleepers are of wood, 3 ft. 6 in. 

long, 7 in. wide, by 3 in. deep ; the rails are fixed to these sleepers by 

T-hc»ded coach-screws (Fig, 4, PL I.). With rails of 24 lbs. to the 

yard, 14 men can lay 100 yards of trench tramway, in the dark, in 

an hour. 

The other description of portable tramway of the same gauge* 

u made of steel rails, 18 lbs. to the yard, secured in lengths of 10 ft. to 

steel- plate sleepers (Fig, 6, PI. 1.) ; it is a handy line for laying on the 

sur&oe of the ground, and is much used for agricultural and manu- 

fictaring purposes. Each section of 10 fb. of rails, with the sleepers 

attached, weighs about 180 lbs., so that two men can easily carry it ; 

tt party of 14 men can lay 400 yards of this nature of tramway in an 

lionr. The end sleepers are made to lock, so that the joint at the 

x^ ends is quite secure ; with wooden sleepers, fishplates should be 

isaed to &sten the ends of the rails; this is very necessary on all 

i^Oiighly-laid lines. 

It would be thought that this gauge of tramway would be suitable 
for aU military requirements besides siege work; but it is only ap- 
plicable on very flat sites, and the engines for it have so little power 
tliat they would not be equal to the wants of keeping uninterrupted 
communication for an army. They answer perfectly in the Dockyards 
•>nd the Arsenal, and are admirably adapted for laying in a trench ; the 
engines would, however, fail in the event of a long line being required, 
or one over a rough country. 

Table I. gives the prices and weights of one mile of track plant for 
different gauges, [and in Table Y . will be found a comparison of the time 
it takes to lay a mile of these various gauges. 

* Patent oi M. Decouville Ain^, of Petit Bourg ; the plant is procurable in 
%Iand from Measrs. Fowler & Co., of Leede. 
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Systems of light tramways on stmctores raised from the ground 
'ebeen saggested for the ase of the army. One of these tramways, 
igned by Mr. Fell (Fig, 1, PI. IV.), has been experimented with 
^dershot. It consists of rails on the edges of beams supported on 
sties of various heights to oyercome the inequalities of ground, the 
aciple being to dispense with cuttings and embankments as far as 
sible, and to use trestles whenever the earthwork exceeds 3 or 4 
} in height. Mr. Fell has worked his scheme out still further, and 
^gests the adoption of iron lattice-girders on posts of similar construc- 
1 for raising the track over hollows, or wherever the rails cannot be 
I on the surface of the ground. There are advantages in this method 
making a railway ; the raised portions of the work keep the line 
•ve the influence of rains, and make the least disturbance of natural 
tercourses. It requires time, however, to put together elevated iron 
nrooden structures, and a great deal of material is necessary ; for 
tance, one mile of wooden structure for this railway, with an average 
^ht of trestles of 3 ft. 9 in., takes 250 tons weight of material. 
The results of the trials of Mr. Fell's railway, which was erected at 
lershot, were as follows : an engine, weighing 4^ tons, took 25 tons 
oad up an incline of 1 in 50 ; at a speed of 25 miles an hour trestles, 
feet high, were quite steady. It was found that 500 soldiers could 
two miles of this class of tramway, after a little practice, in a day 
10 hours. 

Another style of raised tramway has been designed by Mr. Hadden 
g. 2, PI. IV.). The structure can be made of wood or iron ; it con- 

8 of a single upper rail or beam, fixed on posts 7 feet high, let into 
ground 3 feet ; there are also lower or grip rails made of wood, 
Lch are halved and let into the posts. These have saw cuts in them 
dmit of their bending to take curves in the line of 100 ft. radius. 

9 breaking strength of the structure is estimated to be 20 tons. 
3 materials for one mile of this tramway are stated to measure 40 
lie fb. and to weigh 80 tons. The rolling stock consists of pairs of 
:es or panniers suspended on fche upper rail or beam by means of 
tral wheels or rollers with V-shaped tyres ; they also have horizontal 
3els acting on the lower or grip rail. These boxes are ingeniously 
trived to take stores, horses, and passengers, and may be used as 
toons for taking loads across rivers. By employing long ropes, 
ns may be drawn by animals towing alongside of the raised 
away. 

The locomotives to be used on this raised tramway are reported by 
Hadden to be capable of drawing a load of 100 tons up an incline 
in 10 ; they are said to gain the necessary power by acting on the 
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grip principle instead of by gravity and traction like ordinary looo- 
motiyes. The driving machinery is on a carriage by itself, and the 
power is applied to one pair of the horizontal wheels on one side of the 
grip rail ; the steam is generated in two boilers, in &ont and behind tbe 
engine tmck. It is further stated by the inventor that an endless rope 
or chain attachment can be applied to all the wheels on one side of a 
train, giving continuous grip power for ascending gradients and break 
power for descending steep inclines. The draw-bars connecting the 
trucks of a train are devised to work automatically on the driving 
action of the wheels, increasing or diminishing their grip or break 
power according as the strain on the draw-bar is augmented or decreased 
by variations in the gradients the train is travelling over. Whether the 
engine and the draw-bars can be perfected and made to perform these 
various duties remains to be proved by experiment. 

With regard to raised railways, it should be observed that they 
obstruct traffic crossing them — ^this is objectionable in a military point 
of view ; they do not lend themselves to the drawing of loads by 
manual labour or by animal power as fevourably as surface lines; 
sidings are not easily managed on raised structnres ; separate bridges 
are required for the passage of rivers, when the carriages cannot be 
run on rails on the roadway of pontoon or other field bridges ; they 
require a great deal of time to construct, and take much material ; 
and they are not so easy to take up and relay as surface lines, and are 
more destructible. 

Locomotives (Plate II.). 

In treating of lines of railway for military purposes, the use of 
locomotives npon them must be taken into consideration ; for although 
the line may at first be worked by horse or other means of draught* it 
must eventually be adapted to engines to make it of any use for keep- 
ing up the supplies of an army in the field. 

It will be advisable to look at the different natures of looomotiveB} 
and to see which appear to give the best results of work under tibe 
special conditions of service in a strange country. A reference ^ 
Plate II. will show the sizes of the locomotives made for ymO^ 
gauges with their relative weights and dimensions. 

Taking the ordinary passenger or goods engine of permanent lifi^ 
it will be seen to be a very heavy machine to handle, particularly ^^ 
situations deficient of appliances for landing such engines. Th^J 
possess great power and speed, but are too cumbersome to be used o^ ^ 
light line ; they require the railway to be laid with care and to ^ 
nearly level, that is with gradients not exceeding 1 in 70 ; and tb^03 
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oiimot work round sharp curves, 15 chains being the mazimnm that 
ttn be safely got round with engines of this class. The weight on 
6ich pair of driving wheels is so great, 1 to 15 tons, that the rails 
XBqnire to be heavy to stand the traffic. 

There are contractor's and tank engines which are very suitable to 
looghly.laid lines ; they weigh about 16 or 18 tons ; they seem, however, 
beyond the limit of weight that should be adopted for military lines. 

The same remarks apply to the class of engines that are used for 
ibe metre-gauge lines ; they weigh about 16 tons, giving 6 tons on 
ttch pair of wheels, and, like the others, are constructed for quick 
speed ; they are also not easy to handle under difficulties. 

The small engines made by Manning, Wardle, & Co., and which 
tt% extensively used in H.M. Dockyards and the Royal Arsenal, are 
^ot powerful enough to take a load up a steep gradient ; they are very 
^ell adapted for the 18-in. gauge of rails on level sites ; they will take 
sharp curves and have good speed ; but the line for these locomotives 
^xxBt be well laid and almost level ; that is the reason why such good 
t^^ults have been obtained from these engines in our Dockyards and 
^e Arsenal, where the rails are generally cast in solid iron plates and 
ihe sites are perfectly level. 

The Broyal Engineer Committee designed an engine for the 18-in. 
^i^nch tramway, which has some advantages over the locomotives 
^*^t described. It possesses the following characteristics. The work- 
^^g weight of the locomotive is 8 tons (Fig. 7, PI, II.) ; the driving 
^lieels are on a rigid base of only 3 it., admitting of its travelling 
O'n very sharp curves ; the engine is furnished with a * rail-clip ' on 
^He Handyside principle, and has a winding drum on the front part, 
"^th 400 yds. of steel wire rope worked by a distinct pair of engines 
^ the ones required for driving the locomotive ; the last two appliances 
enable it to get up a very steep gradient ; by sending the engine up 
^7 itself, and then, by clipping the rails, it can draw the train after it 
"y ^eans of the rope. 

In trials made with this locomotive, 25 tons were drawn on the 
^^^1 on a very roughly-laid surface line ; up a slope of 1 in 25, 7 tons 
^^xld be drawn by the engine attached in the ordinary way ; this 
^line had a curve in it of 25 ft. radius ; the engine could just steam 
^ « slope of 1 in 11, and draw 10 tons up the same slope by means 
"the * rail-clip ' and the winding drum. 

These trials were certainly satisfe»ctory, and showed that the Boyal 
^^gineer Committee were working in the right direction in trying to 
^^gn an engine that could run safely over roughly-laid surface lines, 
^Xild take very sharp curves, and was capable of getting a loaded train 
'^ a steep incline. 
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The boiler of tlie first loeomotive of Uiis class that was made ivu |3^ 
too small, and placed too high firom the rails, and there was not 
sufficient allowance made for carrying fiiel and water; for instance, 
this engine conld only carry fuel for five hours' steaming, and water 
for a four hoars* nm. The clips acted well on the rails, but the length 
of wire rope gives a limited power of ascent for the engine to get 
over. 

There is, howeyer, another method of applying winding power to 
an engine ; it is a suggestion of Mr. Bussell Shaw, C.E., and consists 
of a chain securely fixed at the top of an incline, and the locomotiTe l^^* 
is fomisbed with a clip.drum that can catch up the chain. The steam I •; 
power generated in the boiler will serve to wind up a loaded train by ^^ 
means of this chain and drum, and, by reversing the action, the chain 
can be made to break the descent of the train down the same incline. 
It would be well to convert one of the Royal Engineer Committee 
locomotives to this system of haulage, so as to test the appliance. 

The ' steam sappers,' or road traction engines, which have been 
adopted in H.M. service (chiefly used by the Royal Engineers), are 
made by the firm of Aveling & Porter, of Rochester. They can be 
used as locomotives on rails by changing their road driving wheels. 
There are two sizes of these engines in the service, one 6 tons and the 
other 8 tons weight ; 80 per cent, of the weight is borne on the driving 
wheels. 

The * steam sapper ' is specially made for drawing loads on roads 
and across country ; on good roads they will draw three times their 
own weight up a slope of 1 in 12 ; when used on rails (at 4 ft. 8^ in. 
gauge), they can ascend a gradient of 1 in 20 with a load equal to 
their own weight ; and they can go round curves of 2 chains radius. 
They are constructed to travel on road or on rails at two speeds, four 
miles and eight miles an hour. 

Some of these ' steam sappers ' have been provided with a crane equal 
to lifting and moving about with 5 tons weight; there are also some 
with a winding drum and 400 yards of steel wire rope, which enable 
them to draw loads up a slope of 1 in 2 ; the ones fitted with the 
crane are invaluable in Artillery Parks, being able to move about 
with a load suspended, and to deposit it in a fresh site. 

These road traction engines are a valuable auxiliary to an army in 
the field. In the event of a railway having to be constructed for a 
military expedition, they can be advantageously employed in Viftnlirtg 
the materials for the line to where they may be required over the open 
country, or as steam cranes at the point of disembarkation to land the 
heavier portion of the railway plant. ' Steam sappers ' can alao be 



201 

used as winding stations at the tops of inclines, where the trains cannot 
he drawn up either hy animal or steam power. 

Boad traction engines, made hy the firm previously mentioned, and 
of almost exactly the same pattern as has been adopted in H.M. 
service, are used by France, Russia, and Italy in their army transport 
trains. 

It is, however, desirable to confine these useftd machines to the 
work they are specially designed for, that is, drawing good loads on a 
road or in open country, and for lifting weights ; locomotives for 
iraction on rails require particular construction to get all the work 
possible out of them. 

Table II. gives details of locomotives for different gauges, with the 
weight and cost of each. By reference to this table it will be seen 
that a tank-engine for a 2 ft. 6 in. gauge railway puts only 4 tons on 
each pair of driving wheels, and therefore will work on much lighter 
rails than the passenger engines of either ordinary lines or the metre 
gange ; it is also of one-half the cost. 

An engine with superior traction power, having a moderate speed, 
and capable of going up steep gradients and round sharp curves, could 
very well be designed and be made suitable to the special wants of 
military service. It is worth studying how such a locomotive could be 
made, chiefly with steel and malleable cast iron. 
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Rolling Stock (Plate III.). 

Uing stock for a light railway must be of such a nature that 
drawn on the line either by animals or by steam power. 
te III. are shown' yarions passenger carriages for different 
iwn to the same scale, so as to be able to make a comparison 
dlk. It will be readily seen that the 4 ft. 8^ in. gaage car- 
ch is built to stand the heavy wear and tear of a permanent 
, is much too heavy for drawing by horses, except for short 
as in shunting. The metre-gauge carriages are built with 
is for India ; they are heavy and could not be taken any very 
ance by horses or mules. The permanent line passenger 
weigh about 3^ tons, and the metre-gauge ones about 2^ 

nplest description of wagons for transporting military supplies 
:> an army in the field are long platforms fitted on bogie 
ley are capable of taking almost any sort of load; they 
3 be furnished with movable sides, so as to make these 
into box trucks at pleasure. For the transport of men and 
;ular passenger and goods vans would have to be supplied, 
or the stores chiefly that a military railway would have to be 
3d. 

gauge of 2 ft. 6 in. the width of the passenger carriages 
5 ft. 9 in. ; they could be made 24 feet long, or even longer, 
ifficnlty, if fitted to bogie trucks ; they would weigh about 2 
take loads of 6 tons dead weight, or 80 cubic feet by measure- 
is gives a working load on the rails of 2 tons on each pair of 
sels. Such wagons, with freight, could be drawn by horses 
at a speed of 4 miles an hour ; the draught animals should be 
y stages or relays of 8 or 10 miles. 

ulance ' wagons for a 2 ft. 6 in. gauge railway can be made 
ig (Fig. 5, PL III.), divided into two end compartments for six 
litting in each, and a centre compartment for five patients 
m on stretchers, leaving a passage in the middle of this com- 

for the attendants. Railway communication with an army 

in the field affords a ready means for taking to the hospitals 
)d at the base all men falling sick and the wounded; the 
urning from taking forward supplies to the troops would be 

for bringing to the hospitals the non-effective men from the 
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WeU-appointed ambnlanoe wagons on springs and bogie tracks 
reduce the stifierings of the patients in removal to a minimum ; and the 
advantage of railways for transporting the wounded and sick is that 
thej save a great number of effective soldiers being taken from the 
front to be employed in attendance on these sick men, to escort them 
and remove them in stretchers and wheeled ambulance wagons along 
roads and by short stages. 

To afford means of crossing wide rivers with a tramwaj, steel boats 
of the same description as were advocated by General Sir Lmtorn 
Simmons, O.G.B., could be employed as pontoons for a floating bridge. 
The locomotives would have to be taken over the water on rafts made 
of these steel boats, for use with trains on the opposite side of the 
stream, as it is doubtful whether they could be steamed across a river 
on any sort of floating structure. As floating bridges for a doable line 
of rails would have to remain some time in position, the steel pontoons 
advocated would be more suitable than the service pontoon bridge, 
and besides, the pontoon train would have their own fanctions to 
perform in the front with the troops. An idea of the sort of steel 
pontoon tramway wagon on bogies is given in Fig, 4, PL IV. The 
boats are made to rest on the frame which forms the longitudinal 
bearers or superstructure of the bridge for the rails of the tramway; 
when the boats are not required to form a bridge, they would thns be 
available for freight wagons. 

Whatever kind of rolling stock is adopted for military service, it 
is absolutely necessary that every carriage should have its break to 
render perfectly safe the drawing of wagons individually by animal 
draught, and also to have complete control over a train descending 
inclines. The ' Heberlein ' continuous break is well suited for this 
purpose. Ifc can be applied by the engine driver of the train or by 
the guard, and can also be put on by a person on the side of the 
wagons. 

It should be observed that, though the bogie-truck system is recom- 
mended for military rolling stock as being the safest to travel on 
roughly-laid lines, and as giving the power to make sharp carves on 
a railway, there is another plan of * flexible wheel base,' invented by 
Mr. James Cleminson, which has all the advantages of bogies. ^7 
this method the defects of a rigid wheel base are overcome, the car- 
riages travel smoothly and safely round sharp curves, and the to\^S 
stock can be made much lighter in weight than ordinary railway 
carriages. They have been constructed to take ten passengers, or 
three tons to every ton weight of the carriage, giving about two tons 
on each pair of wheels on the rails. 
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Dhe rolling stock that has been approved for the trench tramway 
1 the same principle as is advocated for military railways ; it consists 
latform w^ons 18 feet long, which are well suited for trans- 
ing the requirements of troops at sieges, such as fascines, rails, 
timber for gun platforms and splinter proofs. These platform 
ons run on bogie trucks, they are easily drawn by men and by a 
le pulling at the side of the wagon, and are made low so as not to 
een by the enemy over the earthwork of the parallels. Trucks for 
e purposes have been made for the transport of artillery to the 
eries ; they are particularly suitable for this work, saving the very 
7y labour to the artillery of arming their batteries by transporting 
guns over the open country during the night. The weights of the 
e guns of the present day would make this operation one of great 
culty if a tramway in the parallels were not available. 
The ammunition, too, can be readily supplied to the magazines on 
le platform wagons ; and now that the main artillery magazines 
e to be established at a much greater distance from a fortress than 
nerly was the case, a very great saving of labour is made by moving 
heavy shot and shell on tram-trucks, instead of the old trench ccLrt. 
Wagons also for siege work have been designed that make ambu- 
!es for wounded men, and can take them from the trenches to the 
* with ease and comfort ; the platforms that are used for general 
k are capable of being converted into ambulances so as to utilise 
empty return trucks. These trench tramway wagons weigh only 
:on, and are equal to a load of 3 tons. 

In Figs. 6 to 8, PL III., are shown the three sorts of trench wagons, 
for ammunition, for transporting the wounded and sick, and for 
■ying guns in arming the batteries. 

Table III. gives the weight and cost of carriages and the number 
>assengers they will accommodate ; the 2 ft. G in. gauge here has 
outages in price and weight on the rails. 
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Relative Cost of Plant fob different Gauges. 

In considering any special appliance for military service, its origi- 
nal cost raust be studied, as well as the expense of working it, In 
'tomparison to other means of transport. Taking, as an example, a 
force of 20,000 fighting men of all arms, in the field in a strange 
country, and having to operate a distance from its base, in many cir- 
ciunstances a railway would be of the greatest possible assistance to 
place on the communications of this force. If a light railway of 2 fb. 
6 in. gauge were sent out with the expedition, it would probably cost 
the following sum for 100 miles of cUmble track, with rolling stock, 
for that distance : 



Track Plant. 

100 miles of double line of portable tram- 
way plant of 2 ft. 6 in. gauge . 
Sidings and points for ditto. 



Rolling Stock. 

15 Locomotives of special make 
20 Wagons fitted up as ambulances 
100 Platform wagons on bogie trucks 
30 Steel pontoon trucks 
20 Spare bogies .... 



Working Plant. 

6 * Steam Sappers' of 8 h.p. 

24 Roar- tenders .... 

Machinery for 2 complete workshops 

Materials for ditto 

Station accessories .... 
Platelayers' tools, 40 sets 



£ Tons 

108,200 12,200 
5,410 610 



113,610 12,810 



18,000 

4,000 

4,000 

3,000 

200 



150 
50 

150 
75 
50 



29,200 430 



2,580 


66 


1,920 


48 


2,200 


40 


1,000 


16 


2,000 


10 


400 


10 



10,100 190 



Making the total cost of 100 miles of double railway, of 2 ft. 6 in. 
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gauge line, with rolling stock suitable for the length of the line, and 
with workshop plant for its construction and maintenance, £152,910, 
and the weight 13,430 tons, say £1,530, and 135 tons to the mile. It 
would cost £4,500 a mile for plant to suit the 4 ft. 8^ in. gauge, and 
for metre-gauge plant the cost of one mile would be £1,850. 

It is almost impossible to give an estimate of what the ordinary 
transport for an army in the field costs the country ; its expense is 
influenced by the price at which transport animals can be procured 
and despatched to the scene of action ; the distance which the trans- 
port has to cover tells upon its cost, and further the climate and season, 
whether a good one or disastrous to baggage animals, materially 
affects the expense. 

Taking the case of the quantities given in Table IV., where 
different means of transport for 100 tons of stores are noted, wagons and 
horses for this amount of stores would cost £15,000, and pack animals 
for about the same weight, £30,000, presuming they cost £25 a head 
to get them to the field. Now, tramway plant for the same load would 
only cost £10,760; besides, the railway would be capable of doing 
twelve times the amount of work that the ordinary means of transport 
can perform ; that is, if the load of 100 tons had to be taken 200 miles, 
the train would do it in 16 hours, while the animals, whether draught 
or pack, would be 10 and 13 days respectively at least over the journey. 

Looking at it in this light, £1,530 a mile would provide railway 
plant capable of moving 600 tons a day if necessary (exclusive of 
freight to the site, and the cost of laying the line) ; the same sum 
would purchase 60 pack animals a mile (not including the expense of 
making the roads, establishing forage dep6ts, or the cost of their 
attendants), and they would not be able to take more than about 6 
tons. 

In making a comparison between transport by wheeled wagons 
and by means of a railway, the quantity of forage and fuel for the two 
systems must be taken into account. The conditions under which 
forage may be procured vary greatly with the different localities ; but 
in most cases transport columns must move with a certain number of 
days' forage for the draught or pack animals employed, and in the same 
way a locomotive must take its fuel along with it. The forage may be 
collected in the country in which an army is operating, or it may have 
to be sent from England ; the steam coal will certainly have to oome 
from home. 

Taking, as an example, the transport of 100 tons of stores for 200 
miles, the following Table shews approximately the quantity of fuel, 
forage, and time that would be required. The oaloolatioDS of <;hi> 



table are b«eed on the employment of general service wagons, taking 
2^ tons, 4 horses to draw, and 2 drivers to each wagon, with proportion 
of non-commisBioned officers ; for the pack animals the load is taken 
at 200 lbs. for good horses, with one attendant to 6 horses, and non- 
commissioned officers in proportion. The trucks for the rtulway are 
lo&ded to 6 tons, and the road wagons of the 'stoam sappers' to 
4 tons. 

The colnmn of gross weight is estimated on the load of 100 tons 
with the weight of the w^^ns, the horses, the locomotives, the tracks, 
and the forage or fnel, according to the nnmben and qoantities 
in each case. To the railway means of transport has been added 
the weight of the plant that is necessary for making the railway ; 
if 2 ft. 6 in. gauge is employed, the weight of 100 miles of single line 
ifl 6,100 tons. 



TABLE IV. 

QCANTITT OF StOBBB TO BE GABBIID, 100 TONS — A DiBTAMCE OF 

200 lIliLBS. Thi Pokaoe ob Fuel to be stobed at Statioms 
20 OB 23 Miles apabt. 
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Table Y. ^ves the conditions for the constrnction of railways 
of different gauges ; by reference to this table will be seen at once the 
great advantages that a 2 ft. 6 in. line has over others, and more 
particularly the portable class of line of this gauge. 
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Conditions for a Military Railway and the mo^t suitable Plant. 

Having now studied the various descriptions of plant that are 
made for different gauges of railway, it is easj to select from these 
detailed accounts what will answer best the purposes of a military rail- 
way. First, let the conditions required for such a line be distinctly 
stated. 

A double line should be laid, as a single line is worse than useless 
if any check on it occurs. 
The material must be simple, so that any unskilled labour can lay 

the line. 
The sleepers should be of iron or steel, without any fei^tenings. 
The rails should not exceed 30 lbs. to the yard in weight. 
Each length of pair of rails and sleepers should not exceed 440 

lbs., to be carried by four or six men. 
The carriages should all be of the same type, that is, on bogie 

trucks. 
Powerful and simple breaks to all rolling stock. 
The line to be for traction by horses, locomotives, and meti. 
The bridges to be of the same construction as are used in the 

field on service for the passage of rivers. 
The following are the chief points that must be attended to in 
selecting a serviceable plant for military purposes : 

Sirwplicity, — In order to dispense with skilled and civil labour in 
laying out and working the line. 

StahUity, — In order that a great amount of work may be done, 
therefore, it would not be prudent to have too light or too narrow a 
line. 

Portability, — In order that the maximum quantity of railway may 
be transported in the minimum quantity of space, and that it may be 
easily moved from place to place. 

Efficiency. — So that the line may answer fully and in all respects 
the purposes for which it is designed. 

The above conditions would be ftdfilled by a railway of which the 
following is a short description. 

Gauge. — The gauge to be 2 ft. 6 in. ; the best authorities on 
narrow-gauge lines agree that a more efficient engine can be made for 
a 2 ft. 6 in. line than for smaUer gauges ; ftirther, the trucks could be 
made with more overhang when carrying the same load as a 2«ft. or 
18-inch line, and the curves would be equally sharp. 
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Bails, ^-Theae should be of steel, and not exceeding 30 lbs. to the 
yard, as this weight in 3, 4, or 5-yard lengths is most convenient for 
handling by two, f onr, or six men. Such rails are sufficiently strong for 
their purpose, and present every advantage for freight, landing, Ac., 
while nothing would be more cumbersome than too heavy a rail. 

Sleepers. — These also should be of iron or steel, and be attached to 
the rail. * Legrand's ' * patent (PL I.) seems the best suited of all plant 
made with iron sleepers, as the sleepers require no keys, spikes, or 
chairs, and have no loose parts ; they can be taken off the rails for 
shipment and can be again attached to the rails, being interchangeable 
in all their parts. They have the great advantage of establishing the 
gauge permanently, that is, they fix the rails to the true distance apart 
and avoid constant use of the ' gauge ' to test the work of laying. 
Wooden sleepers take up too much room to transport, and take time to 
prepare ; they are always liable to be used as fuel. 

' Points and Grossvtigs. — To be of the simplest kind, and be put 
together in one piece, and made all to the same angle, as nearly as 
possible. Thus the permanent way consists of two parts only, and the 
work of laying would never be stopped in consequence of the want of 
some part being left behind and not coming to the front where the 
line was being laid. 

DouhU Idne. — A military railway from any base of operations must 
be a double line. A single line is no. line at all ; the slightest hitch on 
the latter and the whole of the traffic is stopped. If double, both lines 
can be used in either direction, as was done in the Franco-German 
war. The movement being mostly in one direction, it would go on 
night and day. With a proper system of signals two lines can be worked 
in any way one wishes, and any quantity of materials be brought 
forward ; whereas, with a single line, the limit is at once reached, and 
this is one of the principal reasons why military railways have never 
been a success. 

Laying the Lhis, — The rails and sleepers being landed and the 
rolling stock ready, in order to lay the line it should be traced by 
engineers without any elaborate survey, and the line carried forwaid 
as fast as possible, following a contour line, with gradual Tnaxinmin 
ascents, say 1 in 30. When crossing mountiains all the steep gradients 
should be gathered in one place, so as to reduce the diffionlties to thai 
one spot, instead of distributing them oyer the whole line, entaiHng 
thereby cuttings, embankments, bridges, &o. 

The great point to be aimed at is to get the line through, laaYUig 



* Messrs. Shaw Brothers, Cambridge Street BnildhigB, Binnia^Mai, »• Ibt 
agents for this patent Id England. 
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&11 improyements such as gradienta, curves, and ballasting for after- 
-wards. 

BoUmg Stock, — The whole of this should be on the bogie system ; 
'tliej should be platform wagons capable of being made into box 
^v^aggons. If a better description of carriage is required according to 
i>lie circumstances, the carriages to be made so as to be easily and 
T-eadily converted into ambulance wagons. Every carriage must have 
its own break ; the * Heberlein ' break is well adapted for trucks that 
znay be used for draught by animals or steam. The principle of this 
"break is that the rotation of the wheels themselves is the power which 
is used to stop a carriage, and that the breaks are always on unless 
purposely taken ojf, thus preventing such a thing occurring as a run- 
away train or single carriage breaking loose. Letting go a cord puts 
-the break on and winding it up takes it off. 

Locomotives, — These should be specially designed for military ser- 
vice ; they should be of the greatest possible power in proportion to 
the gauge and the weight of rail. An arrangement might be applied 
to them to enable heavy loads to be taken up steep inclines, either by 
^ Handyside's ' system of clipping the rails and winding the train 
up-hill, or by Mr. Russell Shaw's suggestion of having a chain 
anchored at the top of the incline that would be clipped by a special 
drum on the engine and hauled upon, or paid out for descending steep 
gradients. 

Such a line could be worked by horses, mules, bullocks, or even 
men, for limited distances, and would be equally adapted to traction 
by steam-power. Practically there is no limit to the work that can 
be got out of this line. As stated before, the great point is to have a 
railway plant that will enable communication to be established in the 
shortest time possible, and that, if necessity requires it, can be removed 
to a fresh site and worked there. 

Another advantage of the nature of plant here advocated is that 
the whole of the railway can be laid by unskilled labour. This cannot 
be done with full gauge railway plant of 4 ft. 8^ in., or with metre- 
gauge lines. And again, these heavy railways cannot be used with 
horses or mules for drawing the trucks. 

Had light railway plant been readily procurable, and lines laid 
where practicable during the Affghan war, we would not have lost 
tens of thousands of baggage animals. They would probably have 
been saved to have done good work in advance of the lines of railway. 
The troops which had to hold an advanced post at the termination of 
the first stage of that campaign would have been better supplied 
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if they had had railways to the foot of the passes, or part of the wfl 
from the base ; and when the forces had to posh forward a seooi 
time, they would have done so more readily and with greater leoiLri' 
had their communications been established by that means, instead « 
having to delay for the purpose of organising fresh transport. 

In South Africa, 200 miles of portable railway would have give 
two separate lines of reliable communication for the supply of oi 
troops ; and would have saved the immense cost of hiring ooonti 
wagons and spans of oxen. Such a light railway could have bee 
construct'Cd quite as fast as our troops were able to get over tl 
country. The tramway would have been useful to the colony at tl 
termination of the war. 

It is generally thought that metre-gauge plant can be prooared 
the open market ; this is not the case : there is no reserve kept by ai 
firms for a sudden call of rails or rolling stock. The 2 ft. 6 1 
gauge has been laid in several places in Europe, so that the nature 
plant is well known and made to order by several firms. 

It is in peace time that we should study what is best suited to o- 
army in war ; thus one of the requirements for our troops is plant £ 
a light railway, and this wants thinking out. When we have ma. 
experiments with the view of finding the most efficient locomotii 
and made patterns for it, the rolling stock and other plants it 
simple enough to get what we want from our manufacturers ; it 
merely a matter of time and money. 

Troops, however, should be accustomed to the use of raflwai 
their construction, and maintenance ; for this purpose lines of the 8C 
that would be used in the field should be laid where our troops won 
see them constantly at work; for instance, between all onr depdts 
stores and at our great camps ; they should also be employed on o 
fortifications that are completed or in progress at home and abroSi 
and in our colonies, where light railways would be a financial boooe 
as against the cost of making full-gauge railways, the adoption 
the plant selected for military service should be encouraged as mo 
as possible. 

By these means a quantity of the plant that is suitable for miliiai 
purposes would always be in hand, and when wanted, might at oc 
be collected and sent to accompany any military expedition in m 
part of the world. 

J. P. It 
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